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S Y N O P S I S  
E x p e rim e n ts  have  b e e n  c a r r i e d  o u t  to  d e te rm in e  
how t h e  s to r a g e  l i f e  o f  s p r a y - d r i e d  f u l l - c r e a m  m ilk  
pow der m ig h t be  e x t  ended • I n  pow ders o f  low m o is tu re  
| c o n te n t  th e  o n ly  im p o r ta n t  ty p e  o f  s to r a g e  
d e t e r i o r a t i o n  i s  f a t  o x id a t io n ,  w h ich  le a d s  t o  th e  
dev e lopm en t o f  o b je c t io n a b le  t a l lo w y  f l a v o u r s . The 
s p e c i f i c  o b je c t  o f  th e  p r e s e n t  w ork  was t o  d e v is e  
I means b y  w h ich  th e  o n s e t  o f  su c h  t a l l o w in e s s  c o u ld
i
b e  d e la y e d  a s  lo n g  a s  p o s s ib le *
D e t a i l s  o f  t h e  v a r io u s  a n a l y t i c a l  m ethods a r e  
g iv e n  i n  P a r t  I .
In  P a r t  I I  s to r a g e  t e s t s  a t  4 7 ° ,  37°C and room  
te m p e ra tu re  a r e  d e s c r ib e d  i n  w h ich  pow ders made on 
th r e e  d i f f e r e n t  ty p e s  o f  com m ercial s p r a y - d r i e r  w ere 
used*  The e x p e rim e n ts  showed t h a t  an  I n c r e a s e  i n  
th e  te iq p e ra tu re  t o  w h ich  t h e  m ilk  was h e a te d  b e fo r e  
d r y in g  had  a  m arked e f f e c t  on th e  k e e p in g  q u a l i t y  o f  
| th e  r e s u l t i n g  pow der, t h e  s to r a g e  l i f e  b e in g  I n c r e a s e d  
I tw o - t o  t h r e e - f o l d  by  t h i s  means a lo n e *  V a rio u s
! p r e h e a t in g  te m p e ra tu re s  from  160° to  200°F w ere  s tu d ie d ! .
i
C l a r i f i c a t i o n  o f  th e  l i q u i d  m ilk  h a d  no e f f e c t  and  j
i
s e l e c t i o n  o f  t h e  m ilk  w i th  t h e  b e s t  b a c t e r i o l o g i c a l  
p r o p e r t i e s  had  a  s i g n i f i c a n t  e f f e c t  o n ly  when a  low 
I p r e h e a t in g  te m p e ra tu re  o f  165°F was u s e d .  W ith  a  
ip r e h e a t in g  te m p e ra tu re  o f  190°F s e l e c t i o n  o f  th e  m ilk  
d id  n o t  s i g n i f i c a n t l y  a f f e c t  th e  k e e p in g  q u a l i t y  o f
I t h e  p o w d er.
!
The h ig h e r  p r e h e a t in g  te m p e ra tu re s  im p a r te d  t o  
t h e  m ilk  pow der a  s l i g h t  cooked f l a v o u r ,  and  a l th o u g h  
t h i s  was n o t  o b j e c t io n a b le ,  e x p e r im e n ts  w ere  u n d e r ta k e n  
t o  f i n d  w h e th e r  a  pow der o f  e q u a l ly  good k e e p in g
|
q u a l i t y  b u t  w ith o u t  t h e  cooked f l a v o u r  c o u ld  b e  made b y  
a d d in g  a n t io x id a n t s  t o  th e  m ilk  b e f o r e  d ry in g *  In  
p r e l im in a r y  w ork c a r r i e d  o u t j o i n t l y  w i th  members o f
i
|th e  s t a f f  o f  th e  Low T em p era tu re  R e se a rc h  S t a t i o n ,  
C am bridge, e t h y l  g a l l a t e  and  a s c o r b ic  a c id  w ere fo u n d  
t o  b e  th e  m ost p ro m is in g  a n t io x id a n t s  o f  t h e  many 
s u b s ta n c e s  w h ich  w ere  i n v e s t i g a t e d .  I t  was t h e r e f o r e  
d e c id e d  t h a t  th e s e  tw o a n t lo x ld a n t s  sh o u ld  be t e s t e d  
on a  com m erc ia l s p r a y  d r i e r .  In  P a r t  I I I  th e  
e x p e rim e n ts  u n d e r ta k e n  w i th  t h i s  o b je c t  i n  v iew  a r e  
d e s c r ib e d .  I t  was fo u n d  t h a t  i n  pow der c o n ta in in g  
0 .0 7 #  o f  e t h y l  g a l l a t e  t a l lo w in e s s  to o k  a b o u t t h r e e  
t im e s  a s  lo n g  t o  d e v e lo p  a s  i n  t h e  c o n t r o l  pow der, and  
t h a t  e th y l  g a l l a t e  was n o t  I t s e l f  d e s t r o y e d  d u r in g  s t o r ­
a g e .  W ith  0 .1 1 0 #  a s c o r b ic  a c id  th e  s to r a g e  l i f e  was 
70# lo n g e r  th a n  t h a t  o f  t h e  c o n t r o l ,  b u t  th e  a s c o r b ic  
a c id  d e c re a s e d  as t h e  s to r a g e  p e r io d  in c r e a s e d .
I n  P a r t  IV some p r e l im in a r y  e x p e rim e n ts  a r e  j
d e t a i l e d  i n  w hich  I t  i s  shown t h a t  u n d e r  th e  p a c k in g  
c o n d i t io n s  u se d  i n  t h i s  w ork g l a s s  and la c q u e re d
i  .  ;
t i n p l a t e  c o n ta in e r s  g ave  an in c r e a s e  i n  s to r a g e  l i f e  
b f  from  10 t o  40# o v e r  t h a t  o b ta in e d  by  p a c k in g  in  
p l a i n  t i n p l a t e  c o n ta in e r s .
INTRODUCTION.
The w ork d e s c r ib e d  I n  t h e  f o l lo w in g  p a g e s  fo rm s
p a r t  o f  a  s e r i e s  o f  i n v e s t i g a t i o n s  d e v is e d  t o
d e te rm in e  th e  f e a s i b i l i t y  o f  v a r io u s  m ethods o f
in c r e a s in g  t h e  s to r a g e  l i f e  o f  f u l l - c r e a m  m ilk  p o w d er.
When m ilk  pow der i s  s t o r e d  tw o m ain  ty p e s  o f
d e t e r i o r a t i o n  may o c c u r .
In  one ty p e  t h e  pow der becom es i n c r e a s in g l y
i in s o lu b le  and d e v e lo p s  m ost o b je c t io n a b le  s t a l e ,
11 c a rd b o a rd y ” o r  g l u e - l i k e  f l a v o u r s  and  a  bfown
«
d i s c o lo u r a t i o n  (F in d la y  e t  a l . , 1944) • The changes 
w h ich  o c c u r  in v o lv e  t h e  p r o t e i n  and p ro b a b ly  a l s o  th e  
l a c to s e  o f  t h e  m i lk .  They a r e  c lo s e ly  r e l a t e d  t o  th e  
m o is tu re  c o n te n t  o f  t h e  pow der f o r ,  i f  t h e  m o is tu re  
c o n te n t  e x c e e d s  4 # , t h i s  ty p e  o f  d e t e r i o r a t i o n  r e n d e r s  
t h e  pow der u n p a la ta b le  i n  a  few  weeks i n  te m p e ra te  
c l im a te s  and  I n  a  few  d ay s a t  37°C • The h ig h e r  t h e  
[m o is tu re  c o n te n t ,  th e  more r a p i d l y  th e  d e t e r i o r a t i o n  
s e t s  i n .  I t  can be  a v o id e d  e n t i r e l y  b y  e n s u r in g  t h a t  
t h e  pow der i s  m a n u fa c tu re d  and  s to r e d  i n  s u c h  a  way 
t h a t  th e  m o is tu re  c o n te n t  n e v e r  ex ceed s 2 .5 # .
I
The o th e r  m ain ty p e  o f d e t e r i o r a t i o n  p r e s e n t s  a
«
p ro b lem  w h ich  i s  n o t  so  r e a d i l y  s o lv e d .  In  t h i s  ty p e  
th e  f a t  o f  th e  pow der becom es o x id is e d ,  w i th  th e  
[ r e s u l t  t h a t  ta l lo w y  f l a v o u r s  d e v e lo p  w h ich  som etim es 
[ren d e r th e  p ro d u c t  q u i t e  u n p a la ta b le  ev en  a f t e r  o n ly  
t h r e e  m onths s to r a g e  a t  m o d era te  te m p e ra tu re s  • The
jp r e s e n t  w ork i s  c o n c e rn e d  w i th  t h e  p r e v e n t io n  o f  t h i s  
jty p e  o f  d e t e r i o r a t i o n *
The d ev e lo p m en t o f  t a l l o w ln e s s  i s  in f lu e n c e d  by  
a t  l e a s t  f i v e  f a c t o r s :  (1 )  th e  n a t u r e  o f  th e  pow der,
1(2) th e  oxygen c o n te n t  o f  t h e  gas i n  w h ich  t h e  pow der 
[ is  p a c k e d , (3 ) th e  s to r a g e  te m p e r a tu re ,  (4 ) th e  
b a la n c e  o f  p r o -  and  a n t i - o x id a n t s  p r e s e n t  i n  t h e  
pow der, and (5 )  th e  ty p e  cf c o n ta in e r*  I t  w i l l  b e  
[ u s e f u l  a t  t l^ is  s ta g e  t o  d i s c u s s  b r i e f l y  e a c h  o f  th e s e
I
f i v e  f a c t o r s *
(1 )  The n a tu r e  o f  th e  powder*
M ilk  pow der may be made fro m  e i t h e r  s e p a r a te d  o r 
f u l l - c r e a m  m ilk  and  i t  may be  d r i e d  by  e i t h e r  th e  
• • r o l l e r ” o r  " sp ra y ” p ro c e s s *  S e p a ra te d  m ilk  pow der 
d r i e d  by  e i t h e r  p ro c e s s  c o n ta in s  o n ly  a b o u t 1# o f  f a t *  
C o n se q u e n tly  t h e  deve lopm en t o f  t a l lo w ln e s s  i s  n o t  an 
im p o r ta n t  p ro b lem  i n  t h i s  ty p e  o f d r i e d  m ilk *  I n  
j fu l l - c r e a m  pow der, how ever, t h e r e  i s  u s u a l ly  a b o u t 
|27# o f  f a t  i n  w h ich  s m a ll  p o r t io n s  o f  th e  u n s a tu r a te d  
[components su c h  a s  o l e i c  and l i n o l e l c  a c id  can r e a d i l y
I
[become o x id is e d  t o  fo rm  f o u l - t a s t i n g  ta l lo w y  compounds*
i
U nder s i m i l a r  c o n d i t io n s  o f  s to r a g e  r o l l e r - d r i e d  |
s
f u l l - c r e a m  pow der u s u a l ly  d e v e lo p s  t a l lo w ln e s s  m ore j
!
s lo w ly  th a n  th e  s p r a y - d r ie d  p r o d u c t .  The l a t t e r  i s
how ever f a r  s u p e r i o r  to  t h e  r o l l e r - d r i e d  p ro d u c t  i n
*
i t s  much g r e a t e r  s o l u b i l i t y ,  i n  i t s  r e l a t i v e  freedom  
fro m  " p ro c e s s e d "  f l a v o u r s ,  and i n  th e  c lo s e r  re sem b lan c e  
w h ich  e x i s t s  be tw een  th e  r e c o n s t i t u t e d  pow der and f r e s h
[ l iq u id  m i lk .  The p r e s e n t  w ork h a s  t h e r e f o r e  b een  
[co n fin ed  t o  a  s tu d y  o f  m ethods b y  w h ich  th e  s to r a g ei
l i f e  o f  f u l l - c r e a m  s p r a y - d r ie d  pow der may b e  e x te n d e d  
so  t h a t  a  s a t i s f a c t o r y  k e e p in g  q u a l i t y  may be  added  
t o  th e  o th e r  d e s i r a b l e  p r o p e r t i e s  p o s s e s s e d  by  t h i si *
p ro d u c t  •
(2 )  The oxygen c o n te n t  o f  th e  g a s  i n  
w h i c n th e  pow der I s  p a c k e d . ~
The e x c lu s io n  o f  oxygen from  th e  pow der b y  p a c k in g
j i t  i n  n i t r o g e n  o r  by  c b m p re ss in g  th e  pow der i n t o
b lo c k s  h a s  a l r e a d y  b e en  e x te n s iv e ly  s tu d i e d  b y  Lea
e t  a l .  (1 9 4 3 ) , W aite  ( 1 9 4 2 1 ,  T h ie l  (1 9 4 L ), and
F in d la y  e t  a l .  (1 9 4 2 ) . T hese  a u th o r s  have  shown t h a t
when th e  o x y g e n . c o n te n t  o f  th e  g as  i n  c o n ta c t  w i th  th e
powder Is  re d u c e d  t o  2 o r  3 # , th e  s to r a g e  l i f e  o f  t h e
d r i e d  m ilk  i s  e x te n d e d  s e v e r a l  y e a r s ,  w h ile  b y  re d u c in g
i t  t o  l e s s  th a n  1#  th e  pow der can be  s to r e d  i n d e f i n i t e ly .
B o th  i n e r t  g a s -p a c k in g  and  b lo c k in g  r e q u i r e ,  h o w ev er,
c o s t l y  a p p a ra tu s  and e x p e r t  la b o u r  t o  make them
[s u c c e s s fu l .  I n  th e  p r e s e n t  i n v e s t i g a t i o n  a t te m p ts  have
t h e r e f o r e  b een  d i r e c te d  to w a rd s  e s t a b l i s h i n g  s im p le r
m ethods b y  w h ic h  th e  s to r a g e  l i f e  c o u ld  be e x te n d e d ,
jlf  n o t  i n d e f i n i t e l y ,  a t  l e a s t  s u f f i c i e n t l y  lo n g  f o r  [
I |
ja i l  p r a c t i c a l  p u rp o s e s ,  -  th e  minimum s to r a g e  l i f e  aim ed
|  i
d t  b e in g  2 t o  3 y e a rs  i n  te m p e ra te  c l im a te s  and 1 t o  l i  |
1
y e a r s  i n  t r o p i c a l  c l im a te s .
(5 )  The s to r a g e  te m p e ra tu re .
E x cep t when oxygen I s  a lm o s t e n t i r e l y  rem oved from
t h e  g a s  a s s o c i a t e d  w i th  t h e  p o w d er, t h e  s t o r a g e  
! te m p e ra tu re  i s  o f  g r e a t  im p o r ta n c e  i n  d e te rm in in g  th eI
j l e n g t h  o f  s u c c e s s f u l  s t o r a g e .  D a ta  w h ich  h av e  b e en
i
| c o l l e c t e d  i n  th e  p r e s e n t  w ork  on s to r a g e  a t  d i f f e r e n t  
te m p e ra tu re s  h av e  shown t h a t  t h e  r a t e  a t  w h ich  
t a l l o w ln e s s  d e v e lo p s  in c r e a s e s  tw o - o r  t h r e e - f o l d  f o r  
e a c h  i n c r e a s e  i n  s to r a g e  te m p e ra tu re  o f  10°C* V a lu a b le  
in fo rm a t io n  i s  th u s  a v a i l a b l e  r e g a r d in g  th e  p r o b a b le  |
I !
i s to r a g e  p r o p e r t i e s  o f  d r i e d  m ilk  d e s t in e d  t o  p a s si
|th ro u g h , o r  to  be  s to r e d  i n ,  t h e  t r o p i c s .
i
(4 )  The b a la n c e  o f  p r o -  and a n t i - o x id a n t s  
| I n  t h e  m i lk .  r—,r--nT,
M ilk  c o n ta in s  b o th  p r o -  and a n t i - o x id a n t s  and  th e  
b a la n c e  betw een  t h e s e  sy s tem s can b e  a l t e r e d  b y  r a i s i n g  
th e  te m p e ra tu re  a t  w h ich  th e  l i q u i d  m ilk  i s  h e a te d  
b e fo re  i t  i s  d r ie d *  I t  i s  p o s s ib l e  t h a t  th e  h ig h e r  
te m p e ra tu re  d e s t r o y s  some o f  th e  p r o - o x id a n t s ,  b u t
i
p ro b a b ly  i t s  m ain  e f f e c t  i s  t o  p ro d u ce  compounds 
c o n ta in in g  s u lp h y d ry l  g ro u p s w h ich  a c t  a s  a n t io x id a n t s  
p ad  s o  p o s tp o n e  th e  o n s e t  o f  ta l lo w ln e s s *  The lo n g e r  
k e e p in g  q u a l i t y  o f  r o l l e r - d r i e d  m ilk ,  t o  w hich  r e f e r -  |i I
ence h a s  a l r e a d y  b een  m ade, i s  a lm o s t c e r t a i n l y  due to
i
t h i s  ty p e  o f  ch an g e , f o r  i n  r o l l e r - d r y i n g  th e  h e a t in g ,  | 
th o u g h  o f  s h o r t  d u r a t i o n ,  i s  f a r  more in te n s e  th a n  i n  
s p ra y -d ry in g *  O th e r m ethods b y  w h ich  th e  p r o -  and  
a n t i - o x id a n t  b a la n c e  i n  th e  m ilk  m ig h t be  a l t e r e d  so  a s  
t o  r e t a r d  o x id a t io n  in c lu d e  th e  s e l e c t i o n  o f  f r e s h  w in r  
o f  good b a c t e r i o l o g i c a l  q u a l i t y ,  c l a r i f i c a t i o n  o f  t h e
m ilk  and  th e  a d d i t i o n  t o  t h e  l i q u i d  m i lk  o f  s u b s ta n c e s
' j
known t o  have  a n t io x id a n t  p r o p e r t i e s *  In  t h e  p r e s e n t  
i n v e s t i g a t i o n  a  d e t a i l e d  s tu d y  o f  th e  e f f e c t  on th e
i
[ s to ra g e  l i f e  o f  th e  d r i e d  p ro d u c t  o f  v a r io u s  p r e h e a t in g  
te m p e r a tu r e s ,  o f  m ilk  s e l e c t i o n ,  o f c l a r i f i c a t i o n  and 
o f  t h e  a d d i t i o n  o f  a n t io x id a n t s  to  th e  l i q u i d  m i lk ,  j 
h as t h e r e f o r e  b een  in c lu d e d .
i
(5 ) The ty p e  o f  c o n ta in e r *
I
Lea (1944a) has shown t h a t  t h e  k e e p in g  q u a l i t y  o f  a! 
v a ry  w i th  th e  ty p e  o f  c o n ta in e r  i n  w h ic h  i t  i s  
s to r e d *  O p p o r tu n ity  h a s  t h e r e f o r e  b een  ta k e n  i n  th e  
p r e s e n t  e x p e r im e n ts  t o  s tu d y  th e  Im p o rta n ce  o f  t h i s  
f a c t o r  i n  m ilk  pow der s to r a g e *
PART I*
METHODS.
M o is tu re  c o n te n t*
S in c e  t h e  s p e c i f i c  d e f e c t  u n d e r  i n v e s t i g a t i o n  i n  
I t h e  p r e s e n t  e x p e r im e n ts  was t a l l o w l n e s s ,  i t  was 
e s s e n t i a l  t o  e n su re  a t  t h e  o u t s e t  o f  e a c h  e x p e rim e n t 
t h a t  th e  m o is tu re  c o n te n t  o f t h e  pow ders to  he u se d  
was below  2*5$ : o th e rw is e  th e  i n t e r p r e t a t i o n  o f  th e
r e s u l t s  w ould  have  been  c o m p lic a te d  by  t h e  s im u lta n e o u s  j 
dev e lo p m en t o f  d e f e c t s  due t o  ch an g es i n  th e  p r o t e i n  ,
la n d  l a c t o s e .  The a p p a re n t  m o is tu re  c o n te n t  o f  a  m ilk
! • |
'pow der v a r i e s  s l i g h t l y  w i th  t h e  te c h n iq u e  employed* |
; • !
The f o l lo w in g  m ethod was fo und  t o  g iv e  c o n c o rd a n t j
r e s u l t s  and  was a d o p te d  th r o u g h o u t .
I  i
1 g* o f  pow der was w eighed  i n t o  a  f l a t  
| a lum in ium  d i s h ,  6 cm. i n  d ia m e te r  and  1*5 cm.
i n  d e p th  and p ro v id e d  w i th  a  t i g h t l y  f i t t i n g  i
l id *  A f t e r  th e  u n c o v e red  d i s h  had been  h e a te d  
f o r  3 h o u rs  a t  100°C , i t  was rem oved fro m  ijhe 
o v en , c o v e re d , and  a llo w e d  t o  c o o l f o r  30 I
m in u te s  i n  a  d e s i c c a t o r  c o n ta in in g  P2°5 • I t  j
was th e n  w eighed  and th e  r e s u l t s  e x p re s s e d  a s  
gram s o f  m o is tu re  p e r  100 g .  o f  th e  o r i g i n a l  !
pow der.
S o l u b i l i t y *  !
I f  r e c o n s t i t u t e d  m ilk  pow der i s  t o  re se m b le  n o rm al 
m ilk  i t  i s  im p o r ta n t  t h a t  th e  pow der s h q u ld  be  r e a d i l y  
s o lu b le *  I t  was n e c e s s a r y ,  t h e r e f o r e ,  to  e n su re  t h a t  
a n y  a l t e r a t i o n s  i n  th e  m ethods o f  m a n u fa c tu re  w hich  
w ere  made d u r in g  t h e  p r e s e n t  w ork d id  n o t  a d v e r s e ly  
a f f e c t  th e  s o l u b i l i t y  o f  t h e  pow der.
The s ta n d a r d  m ethod u se d  f o r  d e te rm in in g  
s o l u b i l i t y  was th e  r a p id  m ethod o f  Howat e t  a l .  (1 9 3 9 ) .
1 g .  o f  pow der was w eighed  i n to  a  15 m l. |
c e n t r i f u g e  tu b e .  A bout 2 m l. o f  w a te r  was j
added  fro m  a  b u r e t t e  and  t h e  m ix tu re  s t i r r e d  j
w e l l  w i th  a  g la s s  r o d  w h ich  h a d  been  p r e v io u s ­
l y  w e t te d .  When a l l  th e  pow der had  become 
i th o ro u g h ly  m o is te n e d , more w a te r  was added
i u n t i l  a  t o t a l  o f 9 m l. had  b e en  u s e d .  The
tu b e  was th e n  s to p p e re d  and  k e p t  i n  a  w a te r  
b a th  f o r  5 m in . a t  e i t h e r  20 o r  50°C . I t  was 
th e n  sh ak en  r a p i d l y  (4  t o  6 d o u b le  e x c u r s io n s  
p e r  se c o n d )  f o r  one m in u te . When th e  
s o l u b i l i t y  a t  50°C was r e q u i r e d  th e  tu b e  was I
shaken  i n  an i n s u l a t e d  c o n ta in e r .  I t  was th e n  j
c e n t r i f u g e d  f o r  20 m in u te s  a t  3000 r . p . m . ,  th e  j
volume o f  se d im e n t n o te d ,  and  th e  f a t  and j
s u p e r n a ta n t  l a y e r  rem oved a s  c o m p le te ly  a s  j
p o s s ib l e  to  a n o th e r  t u b e .  The t o t a l  s o l i d s  , 
c o n te n t  o f  th e  m ix tu re  i n  t h i s  tu b e  was th e n  j
e s t im a te d  b y  th e  m ethod o f  G o ld in g  (1 9 3 4 ) .  j
| The r a t i o  o f  t h e  d i s s o lv e d  s o l i d s  to  th e  s o l i d s  j
i n i t i a l l y  p r e s e n t  i n  th e  o r i g i n a l  gram o f  m ilk  
pow der gave  th e  s o l u b i l i t y  in d e x  as  d e sc rib e d *  j
j  b y  Bowat e t  a l .  j
I t  was fo u n d  t h a t  f o r  a  v e ry  s o lu b le  pow der t h e  
i s o l u b i l i t y  in d e x  o b ta in e d  i n  t h i s  way som etim es |
! j
|ex ceed ed  100 by  a lm o s t two u n i t s .  I t  a p p e a re d  p o s s ib le j
j !
j t h a t  t h i s  m ig h t b e  due t o  th e  f a c t  t h a t  i n  m ilk  !
! t
:pow der th e  l a c t o s e  i s  a lm o s t e n t i r e l y  a n h y d ro u s , j
\
w hereas when i t  i s  d i s s o lv e d  in  w a te r  and d r i e d  a t  j
100°C i t  i s  c o n v e r te d  to  th e  h y d ra te d  fo rm . Thus i n  !
j
th e  d e te rm in a t io n  o f  t h e  s o l u b i l i t y  th e  0 .3 5  g .  l a c to s e ;
• i
c o n ta in e d  i n  1 g .  powder w ould become h y d ra te d  and  th e  I
j
!t o t a l  s o l i d s  would b e  in c r e a s e d  by  0 .0 1 8  g .  o f w a te r
! |
!o f c r y s t a l l i s a t i o n .  To a llo w  f o r  t h i s  a d d i t io n  o f
i  !
w a te r ,  i t  w ould be n e c e s s a ry  to  s u b t r a c t  1 .8  fro m  th e  
s o l u b i l i t y  in d e x  i n  c a l c u l a t i n g  th e  p e rc e n ta g e  
s o l u b i l i t y .
To t e s t  t h i s  h y p o th e s is  th e  r e q u i s i t e  c o r r e c t io n
TABLE I .
The s o l u b i l i t y  o f  pow ders a t  20°C e s t im a te d  by  t h e  r a p id  
r m eth o d  V f" MowaV e t  a l » (1959) and  c o r r e c t e d  f o r  th e  
hy 'd ra tT on  o f  l a c to s e  com pared w i th  v a lu e 's o b ta in e d  b y  th e
method o f  Ia m p ltt and' ffus Ke'lY'" (YoffTa"j7
S p r a y - d r ie d  f u l l - c r e a m  
pow der p re p a re d  oh th e  
fo l lo w in g  ty p e s  o f 
p l a n t
Method 
Howat e t  a l* L a m p itt  & 
b u s h e l !
G ra y -Je n se n 92*0 9 2 .5
M ilk a l 9 8 .1 98*6
K e s tn e r 9 2 .0 9 0 .7
K rause 9 9 .0 9 9 .5
S p ra y -d r ie d  s e p a r a te d  m ilk 9 8 .5 9 8 .6
was a p p l ie d  i n  a  s e r i e s  o f  d e te r m in a t io n s  i n  w h ic h  th e  I 
r a p id  p ro c e d u re  o f  Howat e t  a l*  was com pared w i th  
r e s u l t s  o b ta in e d  b y  t h e  more e l a b o r a t e  and  le n g th y  
m ethod o f  L am p itt and  B u s h i l l  (1931a) i n  w h ic h  th e  
s o l u b i l i t y  i s  e s t im a te d  from  t h e  a c t u a l  w e i$ i t  o f  
u n d is s o lv e d  s o l i d s  c o n ta in e d  i n  th e  se d im e n t a f t e r  
c e n t r i f u g in g  th e  r e c o n s t i t u t e d  pow der. T y p ic a l  
r e s u l t s ,  w h ich  a r e  r e c o rd e d  i n  T ab le  1 , d e m o n s tra te
i
t h a t  th e  v a lu e s  so  o b ta in e d  show e x c e l l e n t  a g re e m e n t, j
; '  j
A ssessm en t o f  f l a v o u r .  j
The m ost s e n s i t i v e  o f  a l l  t e s t s  so  f a r  a v a i l a b l e  j 
f o r  d e t e c t i n g  d e t e r i o r a t i o n  i n  d r ie d  m ilk  i s  s im p ly  
j  t h a t  o f  t a s t i n g  th e  r e c o n s t i t u t e d  p ro d u c t*  F o r t h i s  
t e s t  t h e  pow ders w ere  a lw ays r e c o n s t i t u t e d  w i th  e ig h t  
tim e s  t h e i r  w e ig h t o f  w a te r  a t  25°C and l a b e l l e d  i n  a
code unknown t o  th e  t a s t e r s .  A r e c o n s t i t u t e d  c o n t r o l  I
|
; pow der known to  be o f  good q u a l i t y  was In c lu d e d  w i th  |
: i
! t h e  o th e r s  a s  a  s t a n d a r d .  A p a n e l  o f f i v e  w o rk e rs , ji: I
! a l l  w ith  e x p e r ie n c e  i n  a s s e s s in g  th e  f l a v o u r  o f  m ilk  j
j  j
j pow der, t a s t e d  th e  sam ples w i th in  two h o u rs  o f  t h e i r  j
| b e in g  p r e p a r e d .  E ach  member o f  th e  p a n e l  w ro te  h i s  j
j v e r d i c t  on a  fo rm  s p e c i a l l y  p ro v id e d  f o r  th e  p u r p o s e .
• | A num ber was th e n  a l l o t t e d  t o  each  sam ple  f o r  e a c h
j  t a s t e r  a c c o rd in g  to  th e  f o l lo w in g  sc h e m e :-  0 » v e ry
| good and p a l a t a b l e ,  1 ■ f a i r l y  good , s t i l l  q u i te
: p a l a t a b l e ,  2 s  s l i g h t l y  u n p a la ta b le  due t o  th e
p re s e n c e  o f  s l i g h t  b u t  d e f i n i t e  o f f - f l a v o u r s ,  3 a
d e f i n i t e l y  u n p a la ta b le  due t o  m ore p ro n o u n ced  o f f -  j
I
f l a v o u r s ,  and  4 s  e x tre m e ly  t a l l o w y .  The v a lu e s  
re c o rd e d  by  th e  f i v e  t a s t e r s  f o r  e ac h  sam p le  w ere  
a v e ra g e d  t o  g iv e  th e  o f f - f l a v o u r  s c o re  b y  w h ich  th e  
p a l a t a b i l i t y  o f  th e  pow der was q u a n t i t a t i v e l y  a s s e s s e d .  
T hese o f f - f l a v o u r  s c o r e s  w ere th e n  p l o t t e d  a g a in s t
i
th e  s to r a g e  tim e  t o  g iv e  c u rv e s  su c h  a s  th o s e  shown i n  I
!I
F i g . 2 .  When th e  c u rv e s  so  o b ta in e d  p a s s  o f f - f l a v o u r  
s c o r e  1 , t h e  t r a i n e d  t a s t i n g  p a n e l  a r e  b e g in n in g  t o  
d e t e c t  th e  deve lopm en t o f  s l i g h t  o f f - f l a v o u r s . When 
I s c o r e  2 i s  re a c h e d  th e  o f f - f l a v o u r  w ould be  s u f f i c i e n t ^  
o b v io u s  t o  be n o t i c e d  by  th e  a v e ra g e  u n t r a in e d  
consum er • |
i
W ith  ta l lo w y  pow ders t h e r e  I s  a  te n d e n c y  f o r  th e  j
o b je c t io n a b le  t a s t e  to  l i n g e r  on th e  p a l a t e  and to  makej
th e  t a s t i n g  o f  su b se q u e n t sam p le s  more d i f f i c u l t .  As j 
: i
f a r  a s  p o s s i b l e ,  t h e r e f o r e ,  th e  sam p les w h ic h  o b v lo u s ly |
s m e lt  t a l lo w y  w ere t a s t e d  l a s t .  Even when t h i s  was don^
l i t  was fo u n d  a d v is a b le  t o  c l e a r  th e  p a l a t e  w ith  th e  j
c o n t r o l  sam ple  a f t e r  a  m ilk  o f  d o u b t f u l  q u a l i t y  h ad
been  t a s t e d .
I t  was a l s o  e s s e n t i a l  t o  r i n s e  th e  m outh w i th
t e p i d  w a te r  betw een  e a c h  sa m p le . Cold w a te r  sh o u ld
n o t  be u se d  s in c e  i t  r e d u c e s  th e  s e n s i t i v i t y  o f  th e
p a l a t e .  F o r r e l i a b l e  r e s u l t s ,  i t  was fo u n d  t h a t  n o t
m ore th a n  e ig h t  sam ples sh o u ld  be  t a s t e d  a t  one t im e :
w ith  g r e a t e r  num bers th e  t a s t e r s  becam e f a t i g u e d  and | 
th e  v a lu e  o f  t h e  r e s u l t s  was r e d u c e d .
T h is  te c h n iq u e  was u se d  i n  th e  work on i n e r t  
g a s -p a c k in g  by  L ea e t  a l .  (1943) and was fo u n d  to  b e  
m ost r e l i a b l e .  W eaver (1939) i n  w ork on m ilk  f l a v o u r  
h as a l s o  fo u n d  t h a t  t a s t i n g  t e s t s  a r e  d e p e n d a b le  even 
when f o u r  o f  h i s  se v en  t a s t e r s  w ere  in e x p e r ie n c e d  
i n  su c h  w o rk .
The a b s o r p t io n  o f  oxygen b y  th e  #
p o w d er.
T a s t in g  t e s t s ,  how ever r e l i a b l e  th e y  a p p e a r  t o  be,! 
a r e  n e c e s s a r i l y  s u b j e c t i v e .  I t  i s  t h e r e f o r e  im p o r ta n t  
t o  h av e  some o b je c t iv e  t e s t  by w h ic h  th e  g e n e r a l  
c o n c lu s io n s  fro m  th e  t a s t i n g  r e s u l t s  may be c o n firm e d .
;
As re g a rd s  t a l lo w ln e s s  one su ch  t e s t  w i l l  o b v io u s ly  
be  t h e  r a t e  a t  w hich  t h e  powder a b so rb s  oxygen from  th e  
g as  w i th  w hich  I t  i s  i n  c o n ta c t ,  s in c e  t h i s  w i l l  j
: f u r n i s h  a  d i r e c t  m easure  o f  t h e  d e g re e  o f  o x id a t io n .  j
,I n  th e  p r e s e n t  e x p e r im e n ts  a  g iv e n  w e ig h t o f  j
; pow der was s t o r e d  i n  g a s - t i g h t  c an s  o f  known volum e,
I and a t  i n t e r v a l s  d u r in g  th e  s to r a g e  p e r io d  a  sam ple 
s o f  g as  was w ithd raw n  (by  th e  m ethod a l r e a d y  d e s c r ib e d  j
| b y  W aite  (1 9 4 1 a ))  and a n a ly s e d  i n  th e  u s u a l  way i n  a  
| H aldane a p p a ra tu s  • By t h i s  means th e  p e rc e n ta g e  o f 
oxygen i n  t h e  a tm osphere  o f  th e  can  was r e a d i l y  
d e te rm in e d . In  o rd e r  t o  r e c o rd  th e  r e s u l t s  i n  u n i t s  
w h ic h  m ig h t b e  r e a d i l y  com pared w i th  th e  r e s u l t s  o f 
o th e r  w o rk e rs  who have u sed  d i f f e r e n t  ty p e s  o f m ilk
1 3
pow der and  d i f f e r e n t  pow der-can  r a t i o s ,  i t  was 
; e s s e n t i a l  t o  c a l c u l a t e ,  from  th e  p e rc e n ta g e  o f  oxygen 
! i n  th e  g a s ,  th e  w e ig h t o f  oxygen w h ich  h ad  been  
I a b so rb e d  p e r  100 g .  pow der. To do t h i s  t h e  w e ig h t 
o f  pow der in  th e  c a n , th e  volume o f  th e  can and th e  
b a ro m e tr ic  p r e s s u r e  and te m p e ra tu re  cm th e  day  when
j
th e  pow ders w ere p a ck e d  a l l  r e q u i r e  to  be known.
ii
The a c t u a l  te c h n iq u e  a d o p te d  i n  th e  p r e s e n t  w ork ,
|
w henever g as  a n a ly s e s  w ere  u n d e r ta k e n ,  was t o  p a c k  
: 90 g .  o f  t h e  pow der i n  a  c y l i n d r i c a l  6 o z . D an ish  j
i (
Cream can* T h is  was fo u n d  t o  h av e  a  volum e o f  186 ml* 
when th e  s e a l i n g  m ac h in e , by  w h ich  th e  can was c lo s e d ,  
was c a r e f u l l y  a d ju s te d  to  th e  no rm al s e t t i n g ,  The
i
volum e was fo u n d  t o  b e  th e  same w h e th e r  t h e  can was 
jmade o f  la c q u e re d  o r  p l a i n  t i n  p l a t e .  The m ethod o f
I i
c a l c u l a t i o n  may be  i l l u s t r a t e d  fro m  th e  fo l lo w in g  
t y p i c a l  e x p e r im e n t .  The te m p e ra tu re  when th e  cans w ere 
pack ed  In  th e  open p ack in g -ro o m  was 12°C and  th e
i
b a ro m e tr ic  p r e s s u r e  was 759 mm. The w e ig h t o f  oxygen j
a b so rb e d  b y  t h i s  pow der a t  any  g iv e n  t im e  d u r in g
s to r a g e  was a r r i v e d  a t  a s  f o l lo w s * -  The d e n s i ty  o f  
m ilk  pow der s o l i d s  i s  1 .3 1  (L ea e t  a l*  1 9 4 3 ) .
*The volume o f  90 g .  pow der i s  t h e r e f o r e  68#7 ml*
The o r i g i n a l  volume o f  th e  a i r  i n  th e
can  c o n ta in in g  90 g .  pow der w ould  
t h e r e f o r e  b e  1 8 6 -6 8 .7  = 1 1 7 .3  ml*
A t N .T .P . t h i s  w ould b e
1 1 7 ,5  x  273 x  759 a 1 1 2 ,3  m l.
*355 WS
The o r i g i n a l  volume o f  n i t r o g e n  
i n  th e  can  w ould t h e r e f o r e  b e
7 9 .1  x  1 1 7 .3  -  9 2 .8  m l..
lOO u n d e r  a tm o sp h e r ic  c o n d i t io n s
o r  8 8 .8  m l.
a t  N .T .P .
Suppose t h a t  on a  g iv e n  d ay  d u r in g  s to r a g e  i t  was 
fo u n d  b y  g as  a n a ly s i s  t h a t  th e  n i t r o g e n  c o n te n t  
o f  th e  g a s  was n%. S in c e  th e  am ount o f  n i t r o g e n  
w ould rem a in  unchanged  d u r in g  s t o r a g e ,  th e  t o t a l  
volum e o f  g a s  i n  th e  can on t h a t  day  m ust have  
b een  8880 m l• 
n
The oxygen a b so rb e d  b y  90 g .  pow der m ust t h e r e f o r e  
have  b een  /1 1 2 .3  -  8 8 8 0 \ m l. a t  N .T .P .
n
B ut 2 2 .4  m l.  Og * 32 mg.
The w e ig h t o f  oxygen a b so rb e d  
b y  100 g .  pow der w ould 
t h e r e f o r e  b e  32 x  100 (1 1 2 .3  -  8880\mcc.
30 ' x W  H S T ' |
a  1 .5 8 8  (1 1 2 .3  -  8 8 8 0 ) mg. I
n  !!II
The am ount o f  oxygen a b so rb e d  a t  any  t im e  c o u ld  
t h e r e f o r e  b e  c a l c u l a t e d  by  s u b s t i t u t i n g  th e  v a lu e  I 
fo u n d  b y  g as a n a ly s i s  f o r  n .
By s u b s t i t u t i n g  100 f o r  n ,  th e  t o t a l  amount 
o f  oxygen a v a i l a b l e  f o r  a b s o r p t io n  u n d e r  th e  
p a c k in g  c o n d i t io n s  u se d  i n  t h i s  p a r t i c u l a r  sam ple 
was t h e r e f o r e  3 7 .3  mg.
The v a lu e s  re c o rd e d  i n  th e  v a r io u s  t a b l e s  and  
d iag ram s f o r  oxygen a b s o r p t io n  w ere a l l  o b ta in e d  i n  
t h i s  w ay.
P e ro x id e  v a lu e .
A n o th e r o b j e c t iv e  m ethod b y  w h ic h  t h e  c o n c lu s io n s  
o b ta in e d  fro m  f l a v o u r  t e s t s  can  b e  c o n firm e d  i s  t o  
e s t im a te  th e  p e ro x id e  v a lu e  o f  th e  f a t  c o n ta in e d  i n  
t h e  m ilk  pow der. As th e  f a t  o x i d i s e s ,  p e ro x id e s  a r e  
form ed a t  t h e  d o u b le  bonds o f  a  sm a ll  p r o p o r t io n  o f  
th e  u n s a tu r a t e d  f a t t y  a c id  c o n s t i t u e n t s ,  and u n d e r  
s u i t a b l e  c o n d i t io n s  th e  p e ro x id e  can b e  d e te rm in e d  b y  
i t s  p r o p e r ty  o f  l i b e r a t i n g  io d in e  from  p o ta s s iu m  
io d id e  o r  o f  o x id is in g  f e r r o u s  t o  f e r r i c  i r o n .  
Q u a l i t a t i v e  m ethods f o r  d e t e c t i n g  p e ro x id e s  io d o m e tr i -  
c a l l y  have  been  d e s c r ib e d  b y  H e f f t e r  (1904) and  Pow lck 
(1923) and q u a n t i t a t i v e  m ethods by Y oder (1926) and 
D e lo re  (1 9 2 9 ) . A m ost th o ro u g h  s tu d y  o f  th e  s u b j e c t  hajs 
b e en  made by  Lea (1938) who h a s  in t ro d u c e d  a  m ethod j
f o r  d e te rm in in g  p e ro x id e  v a lu e s  in  w hich  th e  f a t  i s  j1j
e x t r a c t e d  w i th  p e r o x id e - f r e e  e t h e r ,  t r e a t e d  w i th  |
i
p o ta s s iu m  io d id e ,  and th e  l i b e r a t e d  io d in e  t i t r a t e d  j
I
w ith  s ta n d a r d  t h i o s u l p h a t e .  The e x t r a c t i o n  o f  th e  f a t  j
j
fro m  s p r a y - d r le d  m ilk  powder p r e s e n t s  some d i f f i c u l t y  j
j
b u t  f o r  a l l  sam p les com p lete  e x t r a c t i o n  i s  p o s s ib l e  i f  j
i
th e  m o is tu re  c o n te n t  o f  th e  pow der h as b een  r a i s e d  to  
a b o u t 12$* (Laxnpitt and Bus h i l l ,  1 9 3 1 b ) . T h is  can 
be  done by  e x p o s in g  sm a ll  w eighed  am ounts o f  pow der t o  
an a tm o sp h ere  o f  100$ r e l a t i v e  h u m id ity  o v e r n ig h t .
To a v o id  t h i s  c o m p lic a tio n  and to  o b ta in  a  more r a p i d  
m ethod S m ith  (1939) su g g e s te d  th e  e x t r a c t i o n  o f th e  
f a t  from  th e  pow der by  a  m ix tu re  o f  a c e t i c  a c id  and
c h lo ro fo rm . A lm ost co m p le te  e x t r a c t i o n  o f  th e  f a t  j 
i s , o b ta in e d  by  t h i s  m ethod , b u t  t h e  p e ro x id e  v a lu e  i s  
a lw ays lo w e r th a n  t h a t  o b ta in e d  by  L e a fs m ethod and  i t
|
i s  u n l ik e l y  t h a t  th e  f i r s t  s m a ll  t r a c e s  o f p e ro x id e  j
|
a r e  d e t e c t e d .  T h is  l a c k  o f  s e n s i t i v i t y  i s  p ro b a b ly  j 
due to  t h e  f a c t  t h a t  t h e  a c e t i c  a c id  and  c h lo ro fo rm  j 
e x t r a c t  o th e r  s u b s ta n c e s  b e s id e s  f a t ,  w h ich  a r e  capable! 
o f  a b s o rb in g  sm a ll  am ounts o f  t h e  io d in e  l i b e r a t e d  b y  \ 
t h e  p e ro x id e  fro m  p o ta s s iu m  i o d i d e .  M oreover, a l l
!
] io d o m e tr ic  m ethods s u f f e r  fro m  two d i s a d v a n ta g e s :
! f i r s t , ,  th e y  se ldom  d e t e c t  p e ro x id e  b e fo r e  t a l l o w ln e s s  j
I ’ i
I i s  d e te c te d  by  t a s t e ,  and  s e c o n d , th e  e n d -p o in t  te n d s
; , i
! t o  b e  u n s a t i s f a c t o r y  w i th  t h e  v e ry  d i l u t e  t h io s u lp h a t e  j 
r e q u i r e d  (0 .0 0 5  N o r  0 .0 0 2  N ).
D u rin g  th e  c o u rse  o f  t h e  p r e s e n t  w ork a  m ethod of j
I
! e s t im a t in g  th e  p e ro x id e  v a lu e  o f th e  f a t  i n  m ilk  powde#
I
was p u b l is h e d  by  Chapman and M cFarlane (1 9 4 3 ) . I t  j
S
depends on th e  o x id a t io n  o f  f e r r o u s  t o  f e r r i c  i r o n  i n  j
th e  p re s e n c e  o f  ammonium th io c y a n a te ,  t h e  i n t e n s i t y  o f  j
th e  r e s u l t i n g  c o lo u r  o f  f e r r i c  th io c y a n a te  g iv in g  a
m easu re  o f  th e  p e ro x id e  o r i g i n a l l y  p r e s e n t .  T h is
m ethod was m o d if ie d  s l i g h t l y  and  a d o p te d  i n  th e  l a t e r
e x p e rim e n ts  o f  th e  p r e s e n t  i n v e s t i g a t i o n .  The d e t a i l s  j
a r e  a s  fo l lo w s  *-
2 g .  l o t s  o f  m ilk  pow der w ere w eighed  i n t o  
sm a ll  p e t r i  d i s h e s  and exposed  in  t h e  d a rk  to  
an a tm o sp h e re  o f  100$ r e l a t i v e  h u m id ity  f o r  
24 h o u rs  o r  48 h o u rs  • The powder was th e n  
t r a n s f e r r e d  t o  100 m l. v o lu m e tr ic  f l a s k s  and 
r e f lu x e d  f o r  20 m in u te s  w i th  50 xriL a c e to n e  
w h ich  had  p r e v io u s ly  been  r e d i s t i l l e d  tw ic e
-TABLE I I
The c a l i b r a t i o n  o f  t h e  S pekker A b s o rp tio m e te r  f o r  th e  
d e te r m in a t io n  o^ p e ro x id e  v a lu e s .
W eight o f  f e r r i c  I r o n  A b s o rp tio m e te r  
y * g ./m l .  s o l u t i o n )  R eading
0 .0 0  0 .0 1 0
0 .0 9  0 .0 2 6
0 .5 0  0 .0 9 6
0 .7 0  0 .1 4 6
0 .9 3  0 .1 8 6
1 .1 6  0 .2 1 8
1 .6 0  0 .3 0 2
2 .3 0  0 .4 3 6
. 3 .7 0  0 .6 2 0
4 .9 0  0 .7 9 0
o v e r  c a lc iu m  c h lo r id e *  The f l a s k s  w ere  c o o le d  
and th e  c o n te n ts  made up t o  100 ml* w i th  
r e d i s t i l l e d  a c e to n e .  They w ere w e l l  m ixed and  
f i l t e r e d  th ro u g h  a  Whatman No*42 p a p e r .  W hile  
t h i s  p a r t  o f  th e  p ro c e s s  was p ro c e e d in g ,  a  
r e a g e n t  was made up  by  d i s s o l v i n g  1 .0  g .  ammonium 
th io c y a n a te  i n  7*5 ml# w a te r  i n  a  250 m l. f l a s k  
and a d d in g  100 ml • a c e to n e  • T h is  was fo llo w e d  
b y  0 .2 5  g .  f e r r o u s  s u lp h a te  and a c e to n e  up t o  
th e  250 m l. m a rk . The m ix tu re  was w e l l  shaken  
and th e n  a llo w e d  t o  s ta n d  f o r  a  few  h o u rs  w i th  
o c c a s io n a l  sh a k in g  a f t e r  vftiich i t  was f i l t e r e d .
10 m l. o f  th e  r e a g e n t  and 2 m l. o f  th e  a c e to n e  
f i l t r a t e  fro m  th e  powder w ere  m ixed and warmed i n  
a  w a te r  b a th  f o r  1 m in u te  a t  70°C fo llo w e d  b y  
10 m in u te s  a t  50°C . The a c e to n e  m ix tu re  was th e n  
c o o le d  and th e  c o n c e n tr a t io n  o f  f e r r i c  th io c y a n a te  
d e te rm in e d  i n  a  S p ek k e r A b s o rp tio m e te r  w h ich  had  
b een  p r e v io u s ly  c a l i b r a t e d  by  u s in g  known 
c o n c e n tr a t io n s  o f  f e r r i c  c h lo r id e  i n  a c e to n e  
j i n s t e a d  o f t h e  m ilk  pow der f i l t r a t e .  A
c a l i b r a t i o n  c u rv e  was draw n from  th e  f i g u r e s  i n  
T ab le  I I  w hich  w ere  o b ta in e d  by u s in g  th e  S p e k k e r 
i C o lo u r F i l t e r  N o.6 .
B ie p e ro x id e  v a lu e  i n  mi 111 e q u iv a le n ts  p e r  Kg. 
o f  pow der was c a l c u l a t e d  a s  f o l lo w s i -
Suppose t h e  a b s o r p t io m e te r  r e a d in g  f o r  a  
g iv e n  sam ple  showed th e  p re s e n c e  o f  n ^ g .  o f  f e r r i c  
| i r o n  p e r  m l. To o b ta in  t h i s  r e a d in g  2 m l. o f
f i l t r a t e  o r  o n e - f i f t i e t h  o f  th e  a c e to n e  e x t r a c t  
from  2 g .  powder h ad  been  made up t o  12 m l. w i th  
! 10 m l .  o f r e a g e n t .  Ohe am ount o f  f e r r i c  i r o n
| e q u iv a le n t  t o  one k ilo g ra m  o f  pow der was t h e r e f o r e
12n x  1000 g .  f e r r i c  i ro n /K g . pow der.
3
C o n v erted  t o  r n i l l i e q u i v a l e n t s  t h i s  becom es
12n x  50
s o n r s
o r  5 .3 8  n  m i l l i e q u i v a l e n t s  o f
f e r r i c  . i r o n  o r  o f  j
p e r o x id e ♦
I n  t h e i r  o r i g i n a l  m ethod . Chapman and  M cFarlane d id  I 
n o t  how ever r a i s e  t h e  m o is tu re  c o n te n t  o f th e  m ilk  
jpowder b e f o r e  r e f l u x i n g  i t  w ith  a c e to n e .  The 
a d v i s a b i l i t y  o f r a i s i n g  th e  m o is tu re  c o n te n t  a t  any
ra t©  w ith  s p r a y - d r ie d  p o w d e rs , was d e m o n s tra te d  i n  
p r e l im in a r y  w ork d u r in g  th e  p r e s e n t  s tu d y  b y  
d e te rm in in g  th e  p e ro x id e  v a lu e s  f o r  tw o sam p les  o f  
pow der w i th  and w ith o u t  p r e v io u s ly  r a i s i n g  th e  
m o is tu re  c o n te n t .  The v a lu e s  b e fo r e  t r e a tm e n t  w ere
1 .1  and 2 .2  m i l l i e q u i v a l e n t s  p e r  Kg. o f  pow der w hereas 
a f t e r  t r e a tm e n t  th e y  w ere 3 .4  and 9 .6 .  The d i f f e r e n c e s  
w ere u n d o u b te d ly  due t o  th e  much m ore th o ro u g h  f a t  
e x t r a c t i o n  w h ic h  o c c u r re d  when th e  m o is tu re  c o n te n t  was 
1 r a i s e d  to  a b o u t 1 0 $ , W ith o u t su c h  t r e a tm e n t  v e ry  low  
I p e ro x id e  v a lu e s  w ould c l e a r l y  n o t  be  d e t e c t e d .
A b r i e f  comment sh o u ld  b e  made r e g a r d in g  th e  
e x a c t  m ethod u se d  In  r a i s i n g  th e  m o is tu re  c o n te n ts  o f  
th e  pow ders • F o r r e s u l t s  o f  th e  h ig h e s t  a c c u ra c y  th e  
pow der sh o u ld  b e  k e p t ,  n o t  a t  room te m p e ra tu re  and In  
m o is t  a i r ,  b u t  a t  a b o u t 0°C in  an a tm o sp h ere  o f  m o is t  
n i t r o g e n .  Thus f o r  one sam ple o f  pow der a  p e ro x id e  
v a lu e  o f  9 .6  was o b ta in e d  by  e x p o s in g  th e  pow der t o  
m o is t n i t r o g e n  a t  2°C , a s  com pared w ith  1 2 .0  by  
e x p o s in g  i t  f o r  t h e  same tim e  to  m o is t a i r  a t  room  
te m p e ra tu re .  The l a t t e r  m ethod had  o b v io u s ly  c au sed
|som e a d d i t i o n a l  o x id a t io n  d u r in g  t r e a tm e n t .  E xposure
; | 
o f  a  powder t o  m o is t n i t r o g e n  i s  n o t ,  h o w ev er, f e a s ib le !
as  a  r o u t in e  f o r  l a r g e  num bers o f  sa m p le s . In  th e
p r e s e n t  work u n ifo rm  t r e a tm e n t  I n  a i r  a t  room
te m p e ra tu re  h a d , t h e r e f o r e ,  t o  be  a d o p te d  a s  th e
o n ly  p r a c t i c a b l e  a l t e r n a t i v e .  T h is  f a c t  sh o u ld  n o t
s e r i o u s l y  i n v a l i d a t e  th e  r e s u l t s ,  s in c e  th e  p e ro x id e
v a lu e s  o b ta in e d  w i th  any  g iv e n  g ro u p  o f  pow ders
exposed  to  s i m i l a r  c o n d it io n s  w i l l  f u r n i s h  co m p arab le
v a lu e s ,  i * e .  w i l l  i n d i c a t e  th e  r e l a t i v e  e x te n t s  o f
d e t e r i o r a t i o n .  M oreover i t  sh o u ld  in  any  e v e n t  be
n o te d  t h a t  d u r in g  f a t  o x id a t io n  p e ro x id e s  a r e  n o t
m ere ly  b e in g  fo rm ed , b u t  a r e  a l s o  b e in g  c o n tin u o u s ly
decom posed: th u s  by  w h a te v e r  m ethod th e y  a r e
d e te rm in e d  th e  r e s u l t s  c an n o t b e  r e g a rd e d  as  a b s o l u t e .
Chapman and M cF arlane  s t a t e  in  t h e  d e s c r i p t i o n
■ o f  t h e i r  m ethod t h a t  th e  w a te r  c o n te n t  o f  t h e  a c e to n e
| i n  w h ich  th e  c o lo u r  d e v e lo p s  i s  o f  g r e a t  in jp o r ta n c e .
They recommend th e  u se  o f  a c e to n e  c o n ta in in g  4% o f
w a te r  b u t  th e y  do n o t  g iv e  d e t a i l s  a s  to  th e  m ag n itu d e
I o f  th e  change w h ich  r e s u l t s  from  a l t e r i n g  th e  w a te r  
; !
| c o n te n t . S in c e  i t  i s  n o t  a lw ays e a sy  t o  be  c e r t a i n  j
o f  th e  w a te r  c o n te n t  o f  th e  a c e to n e  w i th in  v e ry  n a rro w
l i m i t s ,  an  e x p e rim e n t was c a r r i e d  o u t i n  vfoich th e
th io c y a n a te  r e a g e n t  was made up w ith  a c e to n e  c o n ta in in g
i s i x  d i f f e r e n t  p r o p o r t io n s  o f  w a te r  and t h i s  r e a g e n t
I ■ 1
was th e n  u se d  to  d e te rm in e  t h e  p e ro x id e  v a lu e  o f  a  |
; powder i n  w hich  o x id a t io n  was j u s t  commencing and  o f  | 
a  second  powder i n  w hich d e t e r i o r a t i o n  was f a r  advanced!. 
From th e  r e s u l t s  shown i n  F i g . l ,  i t * i s  obv io u s t h a t  w ith  
w a te r  c o n te n ts  ra n g in g  be tw een  3 and 6 $ , th e  c o lo u r  
i n t e n s i t y  i s  c o n s t a n t .  I t  i s  t r u e  t h a t  a b s o lu te  ace tcne  
g iv e s  a  more i n t e n s e  c o lo u r  th a n  97 t o  94$ a c e to n e ,  
and t h a t  th e  i n t e n s i t y  q u ic k ly  d im in is h e s  as th e  w a te r  
c o n te n t  i n c r e a s e s . A b so lu te  a c e to n e  iSj however, c l e a r l y
1 ; u ^ ‘ L .’V :
F ig u re  !♦
The in f lu e n c e  o f th e  w a te r  c o n te n t  o f  th e  
r e a g e n t  a c e to n e  on th e  a p p a re n t  p e ro x id e  
v a lu e  ; exp r e s  s ed  a s  mi l l i e q u i v a l e n t s  p e r  
k ilo g ra m  o f  pow der ( p . 16 ) #
X . „w
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n o t  s u i t a b l e  f o r  r o u t in e  w ork  o f  t h i s  t y p e ,  s in c e  i t  
r a p i d l y  a b so rb s  s m a ll  am ounts o f  m o is tu re  an e x p o su re  
t o  a i r .  R e l ia b le  r e s u l t s  a r e  more r e a d i l y  o b ta in e d  by 
h a v in g  3 t o  6#  m o is tu re  p r e s e n t .
A l l  a p p a ra tu s  u se d  i n  th e  d e te r m in a t io n  o f th e  
p e ro x id e  v a lu e  was b o i l e d  w i th  n i t r i c  a c id  and 
! th o ro u g h ly  r i n s e d  b e fo r e  u s e .  I f  t h i s  was n o t  d o n e , 
i e r r a t i c  r e s u l t s  w ere o b ta in e d .
ii
!Copper c o n te n t .
F o r  many y e a r s  i t  h a s  been  w e ll  known t h a t  copper
i s  an a c t i v e  p r o - o x id a n t  i n  m i lk .  As e a r l y  a s  1905
G o ld ing  and  F e ilm a n n  o b se rv ed  t h a t  when m ilk  was
p a sse d  o v e r  c o p p e r - p la te d  c o o le r s  i t  v e ry  r a p i d l y
a c q u ire d  a  ta l lo w y  f l a v o u r .  In  1923 S u p p lee  s tu d i e d
th e  e f f e c t  o f  c o p p er c o n ta m in a tio n  I n  d r i e d  m ilk  and
fo und  t h a t  i t  g r e a t l y  a c c e l e r a te d  th e  o n s e t  o f
I t a l lo w in e s s . W ith  p u re  l a r d  R a i (1917) found  co p p er
to  b e  16 tim e s  more a c t i v e  a s  a  p r o - o x id a n t  th a n  i r o n
o r  z in c .  I t  was t h e r e f o r e  c l e a r l y  e s s e n t i a l  to  estim ate!
• !
; I
copper i n  th e  s a n g le s  o f m ilk  powder u se d  in  t h e  
p r e s e n t  e x p e rim e n ts  i n  o rd e r  t o  e n su re  t h a t  any 
|o b se rv ed  d i f f e r e n c e s  i n  t a l lo w in e s s  b e tw een  d i f f e r e n t  ! 
sam ples o f  pow der w ere  n o t  due to  d i f f e r e n c e s  i n  copper; 
c o n te n t  •
F o r d e te rm in in g  copper t h e  m ethod o f S y lv e s t e r  
land I a m p i t t  (1935) was u s e d .  I t  was m o d if ie d  s l i g h t l y  
i n  t h a t  th e  copper d le th y ld i th io c a r b a m a te  was 
e x h a u s t iv e ly  e x t r a c te d  w ith  carbon  t e t r a c h l o r i d e  a n i
TABLE I I I ,
The c a l i b r a t i o n  o f  th e  S p ek k e r A b a o rp tlo m e te r  f o r  
t h e  d e te r m in a t io n  o f  c o p p e r .
Mg> g9Pp e y A b a o rp tio m et e r
p e r  100  m l« f e a S ln g
0 .0 0 0  0 .0 0 8
0 .0 0 5  0 .0 7 3
0 .0 1 0  0 .1 3 0
0.020
0 .0 2 5
0 .0 3 0
0 .2 6 0
0 .3 3 0
0 .3 9 8
t h e  f i n a l  c o lo u r  e s t im a t io n  was made i n  a  S p e k k e r 
A b s o rp tio m e te r  and  n o t v i s u a l l y  i n  N e s s le r  tu b e s  a s  i n  
th e  o r i g i n a l  method* D ip h e n y lth io c a rb a z o n e  r e a g e n t  
was made up as d e s c r ib e d  b y  S y lv e s t e r  and  L a m p it t .
The a b s o r p t io m e te r  h a d  f i r s t  t o  be  
c a l i b r a t e d .  I n to  each  o f  s i x  100 m l. f l a s k s  
2*5 g .  ammonium s u lp h a te ,  15 m l. w a te r ,  3 m l.
5N ammonia and  5 m l. o f  0 .1 #  d i e t h y l d i t h i o -  
ca rb am a te  w ere in t r o d u c e d .  S u f f i c i e n t  co p p er 
s u lp h a te  s o l u t io n  was added  t o  f i v e  f l a s k s  so  
t h a t  a f t e r  th e  volum es w ere  made up to  th e  
100 m l .  m ark a  ra n g e  o f  0 .0 1  t o  0 .0 6  mg. 
c o p p e r p e r  100 m l.  o f  s o l u t io n  w ould be 
o b ta in e d .  To one o f  th e  f l a s k s  no c o p p er was 
j a d d e d . 50 m l.  w ere t r a n s f e r r e d  from  e a c h
f l a s k  to  a s e p a r a t in g  f u n n e l  and  e x t r a c t e d
I f i v e  t im e s  w i th  2 m l. c a rb o n  t e t r a c h l o r i d e ,
th e  carbon  t e t r a c h l o r i d e  e x t r a c t s  b e in g
rem oved to  a  10 m l. c y l i n d e r .  A f t e r  a l l  t h e  
f i v e  e x t r a c t s  h ad  been  com bined th e  carbon  
t e t r a c h l o r i d e  was made up t o  10 m l .  and 
f i l t e r e d  i n t o  a  S pekker A b s o rp tio m e te r  c e l l .
! The r e a d in g  was made w i th  th e  S p ek k e r No .7
! c o lo u r  f i l t e r .  The c a l i b r a t i o n  c u rv e  was
| draw n from  t h e  f i g u r e s  r e c o rd e d  in  T ab le  I I I .
The d e t a i l s  o f  th e  m ethod f o r  e s t im a t in g  th e  
c o p p e r i n  m ilk  pow der w ere a s  fo l lo w s  2-
20 g .  o f  powder w ere a c c u r a t e l y  w eighed  In to  
| a  s i l i c a  b a s in  and a sh ed  by h e a t in g  g e n t ly  w ith
a  g l a s s - t i p p e d  bunsen  b u r n e r .  The r e s id u e  was 
c o o le d , 3 m l. c o n c e n tr a te d  H2SO4  added and th e  
b a s in  h e a te d  t i l l  no more fumes w ere e v o lv e d ^
The b a s in  was th e n  k e p t  i n  a  m u ff le  f u rn a c e  a t  
| 400°C f o r  4 h o u r s .  The r e s u l t i n g  a s h  was
d is s o lv e d  in  20 m l. 6N HC1 and w a s h e d - in to  a  
250 m l. v o lu m e tr ic  f l a s k .  I t  was n e u t r a l i s e d  
w i th  5 N ammonia, a c i d i f i e d  w i th  1 m l. 6N HC1 
j and  f i n a l l y  made up t o  th e  m ark . G l a s s - d i s t i l l e d
| w a te r  was u se d  th ro u g h o u t .  An a l i q u o t ,  th e  s i z e
! o f  w hich  depended  on th e  amount o f  c o p p er p r e s e n t
was p i p e t t e d  i n t o  a  s e p a r a t in g  fu n n e l  and shaken  
| v ig o ro u s ly  w i th  th r e e  5 m l. p o r t io n s  o f  th e
| d ip h e n y l th io c a rb a z o n e -c h lo ro fo rm  r e a g e n t ,  e a c h
p o r t io n  b e in g  w ashed w i th  th e  same 10  m l. o f 
w a te r  c o n ta in e d  In  a  second  f u n n e l .  The e x t r a c t s  
w ere com bined, th e  c h lo ro fo rm  d i s t i l l e d  and th e  
r e s id u e  b o i le d  w ith  2 m l. 60# p e r c h l o r i c  a c id  
and 2 m l. c o n c e n tr a te d  H2SO4 u n t i l  I t  was
c o l o u r l e s s .  When i t  was c o o l,  10 m l. w a te r  
w ere  added and t h e  s o l u t io n  n e u t r a l i s e d  w i th  
5N ammonia. The n e u t r a l  s o l u t io n  was th e n  j
t r a n s f e r r e d  t o  a  100 m l. f l a s k ,  3 m l. 5N ammonia 
and 5 m l. d i e th y ld i th io c a r b a m a te  r e a g e n t  added  
and  th e  volum e made up t o  th e  m ark w i th  w a te r .
A s u i t a b l e  a l i q u o t  was th e n  t r a n s f e r r e d  t o  a  
s e p a r a t in g  f u n n e l  and th e  copper e s t im a te d  
e x a c t ly  as d e s c r ib e d  f o r  th e  c a l i b r a t i o n  o f  th e  • 
ab s o r p t  iome t e r .
P r e l im in a r y  t e s t s  showed t h a t  once th e  d e t a i l s
i
: i
o f  th e  te c h n iq u e  w ere m a s te re d  th e  m ethod was v e ry  
r e l i a b l e .  T h u s , i n  one t e s t ,  an ana ly sis  o f  a  copper
!
s u lp h a te  s o lu t io n  c o n ta in in g  0 .0 2 0  mg. c o p p er was 
I c a r r i e d  th ro u g h  b y  th e  same te c h n iq u e  a s  t h a t  u se d  f o r  
| th e  m ilk  p o w d e rs . The am ount fo und  t o  be p r e s e n t  was 
!0 .0 1 9 9  mg. In  a n o th e r  t y p i c a l  t e s t ,  a  m ilk  pow der was 
u se d  w h ich  had b een  found  by  a n a ly s i s  t o  c o n ta in  1 .4 0  
| p a r t s  o f  co p p er p e r  m i l l i o n .  To 20 g .  o f  t h i s  powder 
in  a  s i l i c a  b a s in  s u f f i c i e n t  co p p er s u lp h a te  s o lu t io n  
I was added  to  r a i s e  th e  c o p p e r c o n te n t  t o  2 .4 0  p .p .m . 
Copper was th e n  e s t im a t e d ,and found  to  be  2 .2 8  p .p .m . ,  j
a  r e c o v e ry  e q u iv a le n t  t o  88# o f  th e  added  c o p p e r .
Prom th e s e  and s i m i l a r  t e s t s  i t  i s  c l e a r  t h a t  co p p er 
can b e  e s t im a te d  b y  th e  above m ethod in  c o n c e n tr a t io n s  
j a s  low a s  1 .0  p .p .m . w i th  an * e r r o r  n o t  e x ce ed in g  10- 12# .
A cco rd in g  t o  S y lv e s te r  and L a m p itt  (1935) th e  
I a v e ra g e  c o p p er c o n te n t  o f  u n c o n ta m in a te d  cow s1 m ilk  
I i s  0 .1 2  p .p .m . S in ce  i n  d ry in g , m ilk  i s  c o n c e n tr a te d  
a b o u t e ig h t  t im e s ,  th e  a ssu m p tio n  can  b e  made t h a t  a  
c o p p er c o n te n t  o f  l e s s  th a n  1 .0  p .p .m . o f  d r i e d  m ilk  
I n d i c a te s  t h a t  no  co p p er c o n ta m in a tio n  h a s  o c c u rre d  
d u r in g  th e  d ry in g  p r o c e s s .
S u lp h y d ry l  c o n te n t .
When m ilk  i s  h e a te d  t o  a  s u f f i c i e n t l y  h ig h  
te m p e ra tu re , s u lp h y d ry l  g ro u p s a re  fo rm ed  and  a  11 cooked” 
f l a v o u r  d e v e lo p s .  ( Jo sep h so n  and Doan, 1 9 39 , Gould and  
Sommer, 1 9 3 9 ) . I t  a p p e a re d  p o s s ib l e  t h a t  th e  sulphydryl.
: ’ r
g ro u p s  m igh t a c t  a s  a n t io x id a n t s  and p ro lo n g  t h e  !
; I
s to r a g e  l i f e  o f  th e  r e s u l t i n g  m ilk  p r o d u c t .  I t  was j
; th e re fo r©  c o n s id e re d  e s s e n t i a l  In  th e  p r e s e n t  j
i •  j
j  e x p e rim e n ts  t o  o b ta in  some e s t im a te  o f th e  r e l a t i v e  j
s u lp h y d ry l  c o n te n t  o f th e  v a r io u s  d r i e d  m ilk  sam p les 
w hich  w ere u n d e rg o in g  s to r a g e  t e s t s .  F o r t h i s  p u rp o s e , 
a  m ethod v e ry  s i m i l a r  t o  t h a t  d e s c r ib e d  by Jo sep h so n  
and Doan (1939) was u s e d .
1 g .  o f  pow der was w eighed  i n t o  a  t e s t - t u b e ,
5 m l. w a te r  added  and th e  m ix tu re  th o ro u g h ly  \
sh ak en  f o r  one m in u te . 5 g .  ”a n a l a r ” (NH4)2&04 
w ere added  and th e  m ix tu re  shaken  a g a in .  I t  
j  was th e n  c o o le d  i n  i c e - w a te r  f o r  a  few  m in u te s
and a g a in  sh ak en  w ith  a  few  d ro p s o f  0 .8 8  amm onia. 
When 5 d ro p s  o f  f r e s h l y  made 5 # s o d iu m  n i t r o -  
p r u s s ld e  s o l u t io n  were a d d ed , a  p in k  c o lo u r  
d e v e lo p e d  i f  s u lp h y d ry l  g ro u p s  w ere p r e s e n t .  The 
i n t e n s i t y  o f  th e  p in k  c o lo u r  v a r ie d  w i th  th e  
c o n c e n tr a t io n  o f  s u lp h y d ry l  g ro u p s . I f  none w ere 
p r e s e n t ,  a  d u l l  brown c o lo u r  r e s u l t e d .  O h le ss  
I c e - w a te r  was u se d  th e  c o lo u r  was e x c e e d in g ly  I
t r a n s i t o r y .  In  ic e - w a te r  i t  rem ain ed  r e l a t i v e l y  j
j unchanged  f o r  10  m in u te s  o r  so and an e s t im a te  j
! o f  i t s  i n t e n s i t y  co u ld  be  made i n  a  L ovibond \
! T in to m e te r . !
! I
i  I
W hile  th e  p r e s e n t  work was in  p r o g r e s s  Townley
j |
j and G ould (1943) p u b l is h e d  t h e  r e s u l t s  o f e x p e rim e n ts  
in  w hich  th e y  made a  v e ry  th o ro u g h  i n v e s t i g a t i o n  o f 
th e  fo rm a tio n  o f  s u lp h y d ry l  g roups in  m ilk  and f o r  
w hich  th e y  d e v is e d  a  new m ethod o f  e s t im a t io n .  3h  t h i s  
m ethod th e  m ilk  was a e r a te d  and th e  v o l a t i l e  s u lp h u r
c o l l e c t e d  i n  z in c  a c e t a t e  and  e s t im a te d  c o l o r i m e t r i c -  j 
a l l y .  Tow nley and G ould fo u n d , how ever, t h a t  th e  j
amount o f  v o l a t i l e  s u lp h u r  rem oved from  a  san jp le  o f  
h e a te d  m ilk  v a r ie d  g r e a t l y  w i th  th e  l e n g t h  o f  th e  
a e r a t i o n  p e r io d  and o th e r  c o n d i t io n s .  In  th e  a b se n c e  
o f  a  s im p le r  and more r e l i a b l e  q u a n t i t a t i v e  t e s t ,  
s u i t a b l e  f o r  r o u t in e  w ork , t h a t  u se d  i n  th e  p r e s e n t  
s tu d y  may, how ever, b e  r e g a rd e d  as  p r o v id in g  a  
r e a s o n a b ly  a c c u r a te  i n d i c a t i o n  o f th e  r e l a t i v e  
i s u lp h y d ry l  c o n te n ts  o f  th e  v a r io u s  m ilk  pow ders u n d e r  
! i n v e s t i g a t i o n .
S to ra g e  te c h n iq u e .
The m ethods o f  p a c k in g  and s t o r i n g  th e  pow ders 
v a r ie d  somewhat In  e ac h  e x p e rim e n t • D e t a i l s  a r e  
t h e r e f o r e  g iv e n  s e p a r a t e l y  i n  th e  s u c c e e d in g  p a g e s .
PART I I .
THE INFLUENCE OF THE PREHEATING TEMPERATURE,
"'SKHSSTKU1 aNd i'C aTIM  at1 tciffil 
iflWAlffi raW SmM TTTS tteK" &iKMME5~SF 
M " M '. 6N o f  fu ll-S H E a m
" M ilk  kOTOER SfRAY-DRIED feY THREE DIFFERtSNtf '
------------------------------HSTOBSS lg T ----------------------------------
I n t r o d u c t io n #
In  e x p e rim e n ts  c a r r i e d  o u t i n  1926 by  Holm e t  a l#  |
!th r e e  o b s e r v a t io n s  w ere m ade. (1 ) B u t t e r f a t  p re p a re d  j 
«
; from  m ilk  w hich was 12  h o u rs  o ld  was l e s s  s u s c e p t ib l e
I t o  o x id a t io n  th a n  f a t  from  m ilk  w h ich  was 24 h o u rs  o ld .j  
[ ! 
j (2 )  The rem oval o f  s e p a r a to r  s l im e  fro m  m ilk  by
I
|c e n t r i f u g a l  f o r c e  a p p ea re d  to  im prove th e  k e e p in g  
; q u a l i t y  o f d r i e d  m ilk .  (3 ) P r e h e a t in g  th e  l i q u i d  m ilk  
j a t  181°F f o r  30 m in u te s  b e f o r e  d ry in g  ap p ea re d  t o  
I r e s u l t  i n  a  pow der o f  b e t t e r  k e e p in g  q u a l i t y  th a n  when 
jp re h e a t in g  te m p e ra tu re s  o f  145 , 163 and  200°F w ere  u se d . 
j tS i fo r tu n a te ly  Holm and h i s  c o l le a g u e s  p u b l is h e d  few
d e t a i l s  o f  t h e i r  w ork : i t  i s  t h e r e f o r e  d i f f i c u l t  t o  |
; i
a s s e s s  th e  m ag n itu d e  o f  th e  e f f e c t s  w h ich  th e y  ob ta inedL
More r e c e n t l y  Ja ck  and H enderson (1942) fo u n d  t h a t
;& r o l l e r - d r i e d  pow der made from  m ilk  p re h e a te d  a t  175°F|
|f o r  15 m in u te s  k e p t  f o r  two y e a r s  a s  com pared w i th  a  
j c o n t r o l  made ’from  m ilk  p r e h e a te d  a t  142°F f o r  30 j
I
jm inutes w h ich  o n ly  k e p t f o r  5 m o n th s . The same a u th o rs  
jobserved  t h a t  a  s p r a y - d r ie d  pow der made from  m ilk  
p r e h e a te d  t o  220°F f o r  10 seco n d s k e p t  f o r  two y e a rs  
w h ile  th e  c o n tr o l  d e t e r i o r a t e d  b a d ly  i n  3 m o n th s . 
H o lla n d e r  and T racy  (1942) r e p o r te d  t h a t  p r e h e a t in g  t o
I
170°F f o r  30 m in u te s  b e fo r e  d r y in g  r e s u l t e d  i n  a  r o l l e r s
ii
d r i e d  pow der o f  much b e t t e r  k e e p in g  q u a l i t y  th a n  when
150° o r  190°F was u s e d .  A lth o u g h  l i t t l e  d e t a i l  was
p u b l is h e d  in  th e s e  p a p e rs  i t  a p p e a re d  c l e a r  t h a t  t h e
p r e h e a t in g  te m p e ra tu re  c o u ld  e x e r t  a  m arked in f lu e n c e  j
on th e  s to r a g e  l i f e  o f  th e  r e s u l t i n g  pow der. C on firm - j
a t i o n  o f  t h i s  f i n d i n g ,  a s  a p p l ie d  to  m i l k - f a t  !
j  I
g e n e r a l l y ,  i s  a v a i l a b l e  in  th e  w ork o f  Kende (1932) whoj
o b se rv e d  t h a t  th e  o x id a t iv e  f l a v o u r s  w hich d e v e lo p e d  j
i in  some m ilk s  ( p a r t i c u l a r l y  d u r in g  low te m p e ra tu re  j
! I
I s to r a g e )  c o u ld  be  p re v e n te d  by  h e a t in g  th e  m ilk  a t  1859^
i  j
f o r  5 m in u te s .  D ah le  e t  a l .  (1 9 4 1 ) , S c h e ib  e t  a l .  j  
(1 9 4 2 ) , and T ro u t (1942) a l s o  found  t h a t  th e  k e e p in g  
I q u a l i t y  o f  cream  was much im proved by  p r e h e a t in g  i t  
t o  a  te m p e ra tu re  be tw een  170° and 1 9 0 °F . The cooked 
f l a v o u r  p ro d u ced  i n  th e  cream  by  th e  h ig h e r  te m p e ra tu re ^
I
was n o t  c o n s id e re d  t o  be o b j e c t io n a b le .
No w ork h a s ,  how ever, been  p u b l is h e d  i n  s u f f i c i e n t  
!d e t a i l  t o  e n a b le  a  d e c i s io n  t o  be made a s  to  th e  e x a c t  
|te m p e ra tu re  o f p r e h e a t in g  w h ich  g iv e s  th e  g r e a t e s t
j
im provem ent i n  k e e p in g  q u a l i t y ,  n o r  i s  in fo r m a tio n  j
|
a v a i l a b l e  a s  to  w h e th e r  c l a r i f i c a t i o n ,  c le a n e r  m ilk  |
i
s u p p l ie s  o r  in c r e a s e d  a t t e n t i o n  to  p l a n t  c l e a n l i n e s s  j 
can a l s o  b r in g  ab o u t an in c r e a s e  i n  t h e  s to r a g e  l i f e  
o f th e  p r o d u c t .  The f o l lo w in g  e x p e rim e n ts  w ere 
t h e r e f o r e  d e s ig n e d *  t o  i n v e s t i g a t e  th e s e  v a r io u s  p o in ts
*The g e n e ra l  o u t l i n e  o f th e  e x p e rim e n ts  was p la n n e d  i n  
c o n ju n c tio n  w i th  th e  A g r i c u l tu r a l  R e se a rc h  C o u n c il , 
th e  N a t io n a l  I n s t i t u t e  f o r  R esea rch  in  D a iry in g , 
S h i n f i e l d ,  R ead ing , and th e  Low T em p era tu re  R e se a rch  
S t a t i o n ,  C am bridge.
TABLE IV .
The e ig h t  p r i n c i p a l  b a tc h e s  o f  d r i e d  m ilk  made 
on tIhe Kes t r ie r  p l a n t  . ' '
T r i a l
T 5 7 "
I n c lu s iv e  d a te s
....... a w a r ) -----------
M ilk
S u p p ly
C o l le c t io n
d a i l y
C l a r i f i e r P r e - h e a t in g
te m p e ra tu re
l J u ly  2 7 th -2 9 th O rd in a ry Once Not u se d X65°F
2 J u ly  3 0 th - A u g . l s t ti tt tt 190°F
3 A ug .3 rd -A ug . 5 th it tt u se d 190°F
4 Aug•6 th -A u g .8 t h I! tt tt 165°F
6 Aug .1 3 th -1 5  t h  ■ s e l e c t e d tw ic e n o t  u s e d X65°F
7 Aug .1 7 th - 1 8 th ti tt tt X90°F
8 Aug• 1 9 th -2 0 th tt tt u se d X65°F
5 A u g .2 1 s t-2 2 n d tt tt tt X90°F
i n  g r e a t e r  d e t a i l  th a n  h ad  h i t h e r t o  been  a t t e m p te d .  | 
T h ree  ty p e s  o f  s p r a y - d r y in g  p l a n t  w ere  a v a i l a b l e  f o r
■ ,  j
t h e  w o rk . The e x p e rim e n ts  c a r r i e d  o u t a t  each  p l a n t  j  
and  th e  r e s u l t s  o b ta in e d  on s to r a g e  o f  t h e  powder w i l l  j 
be  d is c u s s e d  i n  c h ro n o lo g ic a l  o r d e r .
( a )  A KESTNER SPRAY-DRYING PLANT.
T hrough  th e  c o u r te s y  o f  th e  D i r e c to r s  o f  M e ss rs . j
I ' i
A p lin  and  B a r r e t t  L t d . ,  th e  K e s tn e r  s p r a y - d r y in g  p l a n t  j 
i n s t a l l e d  a t  From e, S o m e rse t, was u se d  f o r  t h i s  
e x p e r im e n t* . j
I
The g e n e r a l  p r i n c i p l e  o f  t h e  K e s tn e r  d ry in g  sy s te m  j 
h a s  been  f u l l y  d e s c r ib e d  by  H u n z ik e r  (1 9 3 5 ) , and by  
S c o t t  (1 9 3 2 ) . I t s  s p e c i a l  c h a r a c t e r i s t i c  i s  th e  u se  o f 
a  c e n t r i f u g a l  s p ra y  t o  c o n v e r t  t h e  l i q u i d  m ilk  i n t o  a
!
f i n e  m is t  i n  th e  d ry in g  cham ber. F u l l  d e t a i l s  o f th e  
a c t u a l  p l a n t  u se d  i n  th e  p r e s e n t  w ork w i l l  s h o r t l y  be  j
p u b l is h e d  by  M a ttic k  e t  a l .  (1 9 4 4 ) . |
F o r t h e  s to r a g e  t e s t s  e ig h t  p r i n c i p a l  b a tc h e s  o f  j
; I
pow der w ere  made fro m  m ilk  w hich  had  been  t r e a t e d  a s
; |
I shown i n  T a b le  IV . j
! I
j i
| I t  w i l l  b e  se en  from  t h i s  T ab le  t h a t  t h r e e  j
c o n d i t io n s  w ere  in d e p e n d e n tly  v a r ie d  i n  th e  p ro d u c t io n  j
jof th e  pow ders f o r  th e s e  t e s t s :  (a )  t h e  q u a l i t y  o f  jI i
t h e  m ilk  s u p p ly  was e i t h e r  'o r d i n a r y 1 o r ' s e l e c t e d 1;
^Ehe work a t  th e  f a c t o r y  was u n d e r  th e  d i r e c t i o n  o f  Dr 
A .T .R . M a t t i c k .o f  t h e  N a tio n a l  I n s t i t u t e  f o r  R e se a rc h  
: i n  D a iry in g  a t  S h in f  i e l d  and o f  Mr E .L . C ro s s le y  o f 
M essrs A p lin  and B a r r e t t  L td .
(b )  t h e  m ilk  was e i t h e r  c l a r i f i e d  o r  u n c l a r i f i e d ,  and
( c )  th e  m ilk  was p re h e a te d  t o  e i t h e r  165°F o r  1 9 0 °F .
In  p r e h e a t in g ,  th e  m ilk  was h e ld  a t  t h e  s t a t e d
; ' j
- te m p e ra tu re s  f o r  20 seco n d s and th e n  f o r  3 t o  5 m in u te s  j 
; a t  a  s l i g h t l y  lo w er te m p e r a tu r e .  As r e g a r d s  th e  j
q u a l i t y  o f  th e  m ilk  su p p ly  'o rd in a ry *  r e p r e s e n te d  th e  ! 
;ty p e  o f  m ilk  r e c e iv e d  a t  t h e  f a c t o r y  u n d e r  no rm al j
: j
c o n d i t io n s  and a  once d a i l y  sy s te m  o f  c o l l e c t i o n :  j
' s e l e c t e d 1 r e p r e s e n te d  m ilk  o f r e l a t i v e l y  low b a c t e r i a l j  
j  i
!co u n t c o l l e c t e d  tw ic e  d a i l y ,  i . e .  i n  th e  f r e s h e s t  |
i  i
■ p o s s ib l e  s t a t e .  On th e  c o m p le tio n  o f  t h e  e ig h t  t r i a l s  j
|sam ples o f  t h e  pow der i n  1 l b .  cans w ere s e n t  to  th e  j
i  '  !
jHannah I n s t i t u t e  f o r  s to r a g e  t e s t s .  j
-S to ra g e  te c h n iq u e .
| A num ber o f  th e  1 l b .  cans from  e a c h  t r i a l  w ere
i  i
jopened and  th e  c o n te n ts  w e l l  m ix e d . The powder was !
! I
jth en  p ack ed  i n  s m a ll  brown g l a s s  b o t t l e s  w i th  sc rew -o n
|
leaps and a l s o  in  12 o z .  D an ish  Cream c a n s .  S in c e
j s to r a g e  a t  room te m p e ra tu re  was e x p e c te d  t o  g iv e  
i  I
r e s u l t s  o n ly  a f t e r  a  v e ry  p ro lo n g e d  p e r i o d ,  i t  was ]
I . !
(dec ided  t h a t  'a c c e l e r a t e d '  t e s t s  sh o u ld  be  c a r r i e d  o u t . j
j !
jFor t h i s  p u rp o se  sam ples w ere s to r e d  i n  in c u b a to r s  a t
|47 and 37°C as  w e ll  a s  a t  room  te m p e r a tu re .  S e v e ra l  j
I !
(sam ples w ere n i tro g e n -p a c k e d  i n  cans and s to r e d  a t  C°C j
| to  a c t  a s  c o n t r o l s .  Owing t o  l a c k  o f  s to r a g e  room in
(the  a v a i l a b l e  37 and 47°C in c u b a to r s  i t  was im p o s s ib le
(at t h i s  s t a g e  o f  t h e  w ork t o  s t o r e  s u f f i c i e n t  pow der
f o r  t h e  w hole  experim en t.: in  c a n s .  I t  was t h e r e f o r e
TABLE V,
The s o l u b i l i t y  and m o is tu r e  c o n te n ts  o f  t h e  pow ders 
^  p re p a re d  on th e  k e s t n e r  p l a n t .
T r i a l  
• H o ; '
S ed im en t a t
£6v c T ’’ 3 0 ue
S o l u b i l i t y  a t  
2o°C 50°C
M o is tu re
‘ F ~
Gopper 
( p .p .  m .)
i 0*3 0 .0 5 92 98 1 .7 0 .6
2 0 .3 0 .0 5 93 98 1 .9 0 .7
3 0 .3 0 .0 5 92 98 1 .2 0 .6
4 0 .3 0 .0 5 92 98 1 .9 1 .0
5 0 .3 0 .0 5 93 100 2 .2 0 .6
6 0 .3 0 .0 5 93 100 1 .5 0 .6
7 0 .3 0 .0 5 92 100 1 .8 0 .6
8 0 .3  • 0 .0 5 94 100 2 .2 0 .8
d e c id e d  t h a t  i t  w ould be b e s t  t o  s t o r e  a  p a r t  o f  th e  
pow der i n  b o t t l e s  and  th e  re m a in d e r  i n  c a n s , a n d  t o
i
u s e  th e  b o t t l e s  f i r s t .  Wben a l l  th e  b o t t l e s  h a d  been  |
i i
|u s e d , th e y  w ere c le a n e d ,  d r i e d  and r e - f i l l e d  fro m  th e  j
I j| i
j c a n s • |
|  j
I I t  w i l l  b e  o b se rv ed  fro m  T ab le  IV t h a t  m ore th a n  |
| t h r e e  weeks e la p s e d  betw een  T r ia l ,  1 and  T r i a l  5 ,  so  j
j t h a t  t h e  pow ders w ere o f  d i f f e r e n t  a g es  when th e y  j
a r r i v e d  a t  th e  Hiannaii I n s t i t u t e .  The pow ders w ere  j
t h e r e f o r e  p la c e d  in  th e  47 and  37°C in c u b a to r s  a t  su c h
i n t e r v a l s  t h a t  th e y  would a l l  b e  o f th e  same s to r a g e
!
age when t a s t i n g  t e s t s  b e g a n . F o r t h i s  p u rp o se  one 
I day  a t  room te m p e ra tu re  was c o n s id e re d  e q u iv a le n t  t o
6 h o u rs  a t  37°C o r  3 h o u rs  a t  47°C . Any e r r o r  in v o lv e d  j
i
in  m aking  t h i s  a ssu m p tio n  was n e g l i g i b l e  com pared w ith  |
|
th e  d u r a t io n  o f  t h e  w hole s to r a g e  e x p e r im e n t. j
A t s u i t a b l e  i n t e r v a l s  d u r in g  t h e  s to r a g e  p e r io d  
sam p les w ere r e c o n s t i t u t e d  and th e  f l a v o u r  o f  th e  
r e c o n s t i t u t e d  m ilk  a s s e s s e d  b y  t h e  m ethod d e s c r ib e d  on j  
p .  1 0 .  . |
i
R e s u l t s . j
M o is tu re  and s o l u b i l i t y .  j
The m o is tu re  c o n te n t  and s o l u b i l i t y  o f  th e  v a rio u s !
pow ders a r e  r e c o rd e d  i n  T ab le  V. None o f  th e  m o is tu re  j
| c o n te n ts  exceeded  2 .5 $ . so  t h a t  t h e r e  was no  d a n g e r  o f  !
I th e  p r o t e i n - l a c t o s e  ty p e  o f  d e t e r i o r a t i o n  c o m p lic a tin g  ! 
i  ‘  |
| th e  r e s u l t s .  The s o l u b i l i t i e s  w e re , w i th in  th e  l i m i t s
o f  th e  e x p e r im e n ta l  e r r o r  o f  th e  m ethod , a l l  i d e n t i c a l .
The h ig h  p r e h e a t in g  te m p e ra tu re  t o  w hich  th e  m ilk s  were;
s u b je c te d  i n  T r i a l s  2 ,  3 ,  5 and  7 d id  h o t  r e s u l t  i n  any|
: i
r e d u c t io n  i n  t h e  s o l u b i l i t y  o f  t h e  pow der. j
C opper c o n te n t .  j
! i
The co p p e r c o n te n ts  a re  a l s o  r e c o rd e d  i n  T ab le  V. j
\ i
IWith t h e  e x c e p tio n  o f  pow der N o .4 th e  v a lu e s  o b ta in e d  j
i  i
w ere  u n ifo rm ly  lo w . I t  i s  obv io u s from  th e s e  low j
: i
lv a lu e s  t h a t  t h e r e  c o u ld  n o t  h av e  b een  any m e a su ra b le  !
I I
Id eg ree  o f  c o p p e r c o n ta m in a tio n  from  th e  p l a n t  ( c f .p .2 2 ) L
,  !
I As w i l l  b e  n o te d  l a t e r ,  t h e  h ig h e r  v a lu e  f o r  No .4  may i
i  i
jhave c o n t r ib u te d  to w ard s  th e  r e l a t i v e l y  s h o r t  s to r a g e
I i
j l i f e  w h ich  t h i s  pow der p o s s e s s e d .
j  1i
jS u lp h y d ry l c o n te n t .
T e s ts  f o r  th e  p re s e n c e  o f  s u lp h y d ry l  g ro u p s  i. 
gave  o n ly  a  brown t i n g e  w ith  th e  low te m p e ra tu re  m ilk s  
( N o s . l ,  4 , 6 and  8 ) ,  b u t  a  v e ry  m arked p in k  c o lo u r  was 
o b ta in e d  w i th  a l l  th e  h ig h  te m p e ra tu re  p o w d ers . 
P r e h e a t in g  o f  t h e  l i q u i d  m ilk  had  t h e r e f o r e  been  
s u f f i c i e n t  to  p ro d u ce  v e ry  d e f i n i t e  am ounts o f  
s u lp h y d ry l  compounds i n  th e s e  m ilk  p o w d e rs .
j l h i t i a l  f l a v o u r s .
I
| E x am in a tio n  o f  th e  f r e s h  pow ders d iv id e d  them  i n to  
jtwo e a s i l y  d i s t i n g u i s h a b l e  g roups a c c o rd in g  to  th e  j 
p r e h e a t in g  te m p e r a tu r e . The pow ders o f  th e  low 
te m p e ra tu re  g ro u p  w ere v e ry  p a l a t a b l e  and t a s t e d  f r e s h  
and uncooked , b u t  had  t h a t  c h a r a c t e r i s t i c  f l a v o u r  
f r e q u e n t ly  fo u n d  i n  s p r a y —d r ie d  pow der w h ich  s u g g e s ts  
i n c i p i e n t  ta l lo w in e s s  to  th e  t r a i n e d  t a s t e r .  D iffe re n ce s
TAB IB VI*
The k e e p in g  q u a l i t y  o f t h e  pow ders made on th e
r r - ft, . g 0 g  t n e r  p l a n t  .  ' '  ' '










N a tu re  o f  th e  m ilk  d r i e d > re -h e a tin g  
tem p era tu re
~ i W —
.O rd inary  u n c l a r i f i e d  
O rd in a ry  c l a r i f i e d
S e le c te d  u n c l a r i f i e d  
S e le c te d  c l a r i f i e d
O rd in a ry  u n c l a r i f i e d  
O rd in a ry  c l a r i f i e d
S e le c te d  u n c l a r i f i e d  
S e le c te d  c l a r i f i e d
Mean f o r  o r d in a r y  m ilk  p r e h e a te d  
to  165 F
Mean f o r  s e l e c t e d  m ilk  p r e h e a te d  
t o  165°F
Mean f o r  o rd in a r y  m ilk  p r e h e a te d  
t o  190°F
Mean f o r  s e l e c t e d  m ilk  p r e h e a te d  













In c r e a s e  } 
i n  
s to r a g e  
l i f e
) S e l e c t in g  th e  m ilk .
) (1 )  When p r e h e a t in g  t o  
) 165°F b / a
) (2 )  When p r e h e a t in g  to  
) 190 F d / c
)
) R a is in g  t h e  p r e h e a t in g  tem p- 
) e rab 'iire  fro m  K T V o
)
fe x n re a se d  5 W  W ith  b i n a r y  m ilk  c / a  
a s  r a t i o s )  |  {2) W ith  s e l e c t e d  dA
caus ed 
by
Weeks t o  d e t e r i o r a t e  to  * o f f -
1 *0- - 2 .0  
a t  47°C .
f l a v o u r  s c o re  o f
1 .0  2 .0  isO  2.0
S t  3 7 ° ^  a t
) S e le c t in g  th e  m ilk  and  r a i s i n g  







1 1 .9  42 
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2 .9 4 .8 7 .1 1 1 .0  40 57
6 .9 8 .3 1 4 .4 1 8 .6  47 68
1 1 .1 1 3 .0 2 6 .7 28 .7> 92 >92
1 2 .7 1 3 .9 3 2 .9 3 4 .8 * 9 2 > 92
2 .4 1 .7 2 .0 1 .7  1 .2 1.2







2 .6  ? 2 .3  7l . \  
1 .9  7 2 .0  *1.4
I
4 .4 2 .9 4 .6 3 .2  7 2 .3 7i . f.
b e tw een  th e  i n d iv i d u a l  pow ders o f  th e  low te m p e ra tu re  
g ro u p  w ere s l i g h t .  The pow ders from  th e  h ig h  
te m p e ra tu re  m ilk s  a l l  p o s s e s s e d  a  b o i l e d  m ilk  o r  cooked 
f l a v o u r  b u t  w ere  none th e  l e s s  v e ry  p a l a t a b l e .*  The 
v e r d i c t  o f  t h e  t a s t i n g  p a n e l  was t h a t  th e  s l i g h t  
b o i le d  t a s t e  was n o t  i n  any  way o b je c t io n a b le .  I t  was 
o f  a  ty p e  f r e q u e n t ly  a s s o c i a t e d  w i th  m ilk  p r o d u c t s .
I t  was much l e s s  n o t i c e a b l e  th a n  i n  b o i le d  o r  
s t e r i l i s e d  m ilk  and  was not s o  i n t e n s e  a s  in  th e  a v e ra g e  
r o l l e r - d r i e d  p o w d er. I t  p o s s e s s e d  no  e lem en t o f 
s t a l e n e s s  •
D e te r io r a t io n  d u r in g  s t o r a g e .
The a v e ra g e  o f f - f l a v o u r  s c o re s  r e c o rd e d  b y  th e  
t a s t i n g  p a n e l  a r e  shown d iag ra m m a tic  a l l y  in  F ig  .2  i n  
w h ich  th e  r e s u l t s  have  b een  p l o t t e d  i n  p a i r s ,  th e  
( d i f f e r e n c e  be tw een  th e  pow ders i n  e a c h  p a i r  b e in g  t h a t  
one o f  them  was made from  m ilk  p r e h e a te d  to  165°F and 
th e  o th e r  from  m ilk  p re h e a te d  to  1 9 0 °F * . The 
q u a n t i t a t i v e  d i f f e r e n c e s  i n  th e  k e e p in g  q u a l i t i e s  o f 
th e  pow ders a r e  b e s t  s e e n  by  r e f e r e n c e  t o  T ab le  V I, i n  
w h ich  th e  t im e s  r e q u i r e d  f o r  each  sam ple t o  r e a c h  o f f -  
f l a v o u r  s c o re s  1 .0  and 2 .0  a r e  t a b u l a t e d .
S to ra g e  a t  room te m p e ra tu re  has. n o t  p ro g re s s e d  
s u f f i c i e n t l y  f o r  o f f - f l a v o u r s  s c o re s  o f 1 .0  and  2 .0  to  j  
b e  p a s s e d  by  th e  more s t a b l e  p ow ders; n e v e r th e l e s s  t h e |
'#  F o r  key  to  num bers i n  F i g . 2 , se e  T a b le  IV .
F ig u re  2 ,
The d e t e r i o r a t i o n  i n  f l a v o u r  o f th e  
K e s tn e r  sam p les s t o r e d  a t  4 7 ° , 37°C 
and room te m p e r a tu r e .  N o s . l ,  4 , 6 
and  8 w ere made from  m ilk  p r e h e a te d  
to  16 8 °F . N os*2, 3 , 5 an d  7 w ere 
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i s s u e  i s  s u f f i c i e n t l y  c l e a r - c u t  to  e n a b le  r e l i a b l e
c o n c lu s io n s  t o  be  d raw n from  th e  a v a i l a b l e  d a t a .
;  |
P e ro x id e  v a lu e s .
I I
| The m ethod o f Chapman and  M cParlane (1943) was n o t
i
j  p u b l is h e d  u n t i l  t h i s  work was w e l l  a d v a n c e d . I t  was
! }
i i
o n ly  p o s s i b l e ,  t h e r e f o r e ,  t o  a p p ly  i t  t o  th e  pow ders | 
s t o r e d  a t  room te m p e r a tu r e .  V a lues w ere  d e te rm in e d  a t  
i n t e r v a l s  f o r  a l l  e ig h t  pow ders and a r e  re c o rd e d  |i
d ia g ra m m a tic a l ly  i n  F i g . 3^ j
D is c u s s io n .
i  n '  i
| The r e s u l t s  shown i n  P i g . 2 and T ab le  VI a r e  b e s t
i
d is c u s s e d  by  d e a l in g  f i r s t  w i th  th e  f a c t o r  w hich  had 
l e a s t  e f f e c t  on th e  s to r a g e  l i f e  o f th e  m ilk  pow der, 
nam ely  c l a r i f i c a t i o n .  When t h i s  f a c t o r  h a s  been 
d is p o s e d  o f ,  th e  more im p o r ta n t  e f f e c t s ,  due t o  th e  
s e l e c t i o n  o f  th e  m ilk  and  to  th e  r a i s i n g  o f  th e  
p r e h e a t in g  te m p e r a tu re ,  s ta n d  o u t more c l e a r l y .
C l a r i f i  c a t  i o n .
T here  a r e  t h r e e  m ain  p o in ts  to  o b s e rv e . F i r s t , 
c l a r i f i c a t i o n  had  no s i g n i f i c a n t  e f f e c t  w i th  s e l e c te d  
m ilk  w h e th e r th e  p r e h e a t in g  te m p e ra tu re  was 165° o r  j
i
1 9 0 °P . S eco n d , w ith  o r d in a r y  m ilk  and  a  p r e h e a t in g  j
i
te m p e ra tu re  o f  190°F* c l a r i f i c a t i o n  had  no e f f e c t  on th e  
s to r a g e  l i f e  a t  47°C, b u t  a t  37°C i t  a p p e a re d  t o  r e s u l t !  
i n  a  s l i g h t  e x te n s io n  i n  s to r a g e  l i f e .  Thus th e  number! 
o f  weeks r e q u i r e d  to  r e a c h  o f f - f l a v o u r  s c o r e s  o f  1 .0
and  2.G  was in c r e a s e d  from  2 3 .3  and 2 6 .1  f o r  pow der N o .2
! '
jto 3 0 .0  and 3 1 .3  f o r  pow der N o .3 . S to ra g e  h a s  n o t y e t
c o n tin u e d
*  For k ey  to  num bers i n  F i g . 3 , se e  T ab le  IV .
j;."-...... ;; : o Yv!: iic\uc?..... v
•; v.L:;
F ig u re  3 .
P e ro x id e  fo  m a t  i o n ,  e x p re s s e d  a s  m i l l i -  
e q u iv a le n ts  p e r  k ilo g ra m  o f pow der, in  
t h e  K e s tn e r  pow ders s to r e d  a t ' room 
te m p e r a tu r e .  N o s . l ,  4 , 6 and 8 w ere  
made fro m  m ilk  p r e h e a te d  to  1 6 5 °F . N os. 
2 , 3 , 5 and 7 w ere  made fro m  m ilk  
p r e h e a te d  to  190°F .
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lo n g  enough  f o r  t h i s  e f f e c t  t o  he  c o n firm ed  a t  room 
j te m p e r a tu r e • I t  i s ,  how ever, in  any  e v e n t a  v e ry  sm all;
|I n c r e a s e  and o f d o u b t f u l  s i g n i f i c a n c e .  T h i r d , w i th  
| o rd in a r y  m ilk  p r e h e a te d  to  1 6 5 °P , c l a r i f i c a t i o n  appeared
i  *
;t o  be d e l e t e r i o u s ,  s in c e  i t  c au sed  a  d e c re a s e  i n  th e
| s to r a g e  l i f e  o f  th e  pow der a t  a l l  t h r e e  s to r a g e
j  :
| t e m p e r a tu r e s . I t  i s  v e ry  q u e s t io n a b le ,  how ever, w h e th er
i  j
! *  1 ' i
j c l a r i f i c a t i o n  p e r  s e  was r e s p o n s ib le  f o r  th e  s h o r t e r  
s to r a g e  l i f e  o f pow der N o.4 . I t  h as  a l r e a d y  been  
n o te d  (T a b le  V) t h a t  t h i s  p a r t i c u l a r  pow der had  a I
h ig h e r  c o p p er c o n te n t  th a n  th e  r e m a in d e r .  M oreover, j 
I  j
jwhan a l l  th e  d e t a i l s  o f  i t s  m a n u fa c tu re  w ere o b ta in e d  j
i  iI *
j i t  was fo u n d  t h a t  some d o u b t e x i s t e d  a s  to  w h e th e r  j
t h e  p r e h e a t in g  te m p e ra tu re  o f  165°P h ad  been  !
I
* c o n s i s t e n t l y  re a c h e d  by  a ' l l  th e  l i q u i d  m ilk  d r i e d  d u r in g
i
t h i s  e x p e r im e n ta l  p e r i o d .  T hese f a c t o r s  w ould a lm o s t j
c e r t a i n l y  e x e r t  a  f a r  g r e a t e r  e f f e c t  on k e e p in g  q u a l i ty !
|  ^ |
|th a n  c l a r i f i c a t i o n .  !
I I
i  !
E x c e p t, t h e r e f o r e ,  f o r  th e  s l i g h t  d i f f e r e n c e  ;
jw ith  Nos .2  and 3 a t  3 ^ 0 ,  c l a r i f i c a t i o n  a p p e a rs  to  have |
1 ■ !
jhad no b e n e f i c i a l  e f f e c t  on th e  p o w d ers . I n  considering!
jthe  re m a in in g  two f a c t o r s ,  m ilk  s e l e c t i o n  and p reh ea tin g ;
j te m p e ra tu re , c l a r i f i c a t i o n  can c l e a r l y  be n e g le c t e d .  j! • 1 I I
jThe r e s u l t s  f o r  t h e  p a i r e d  p o w d ers , 1 and 4 , 6 and 8 , j
2 and 3 , and 7 and 5 have  t h e r e f o r e  been  a v e ra g e d , j
as shown i n  T ab le  V I. !
S e l e c t i o n  o f  th e  m ilk .
The e f f e c t  o f m ilk  s e l e c t i o n  i s  shown a s  a  r a t i o  j  
i n  th e  lo w er h a l f  o f T ab le  V I. W ith  a  p r e h e a t in g  
te m p e ra tu re  o f  165°F , th e  s to r a g e  l i f e  a t  47°C and I 
37°C was ro u g h ly  d o u b led  by  u s in g  s e le c te d ,  m ilk ,
th o u g h  a t  room te m p e ra tu re  th e  in c r e a s e  in  s to r a g e
; '  i
I l i f e  was o n ly  ab o u t 20%, W ith  a  p r e h e a t in g  te m p e ra tu re :
o f  1 9 0 °F , t h e  e f f e c t  o f  m ilk  s e l e c t i o n  on t h e  s to r a g e  !
l i f e  a t  47° and 37°C was much l e s s ,  th e  in c r e a s e  i n  
I |
|k e e p in g  q u a l i t y  b e in g  o n ly  some 10 o r  20% and  o f
| i
d o u b tf u l  s i g n i f i c a n c e .  
jThe p r e h e a t in g  te m p e r a tu re .
■ i: i
The g r e a t e s t  e f f e c t s  were o b ta in e d  by  r a i s i n g  th e  j 
I p re h e a t in g  te m p e ra tu re  from  165° t o  190°F . W ith  
I o r d in a r y  m ilk  t h e r e  was a  t h r e e -  to  f o u r - f o l d  in c r e a s e  !: I
I a t  47° and 3 7 ° , w h ile  a t  room te m p e ra tu re  t h e  **high |! | 
i  1
| t e m p e r a tu re *1 pow ders h a v e  a l r e a d y  k e p t  f o r  a lm o s t 
| tw ic e  as lo n g  as th e  ttlow tem perature** pow ders and a r e  \ 
n o t  y e t  d e t e r i o r a t i n g  s i g n i f i c a n t l y .  W ith  s e l e c t e d  j  
|m ilk  a  tw o - fo ld  in c r e a s e  was o b se rv e d  a t  th e  two h ig h e r ;
|s to r a g e  te m p e ra tu re s  and  th e r e  i s  e v e ry  i n d i c a t i o n  th a t ;
i I
;t h i s  w i l l  u l t i m a t e l y  be co n firm ed  a t  room te m p e r a tu r e .  : 
When th e  com bined e f f e c t  o f  m ilk  s e l e c t i o n  and t h e ’ 
ih ig h  p r e h e a t in g  te m p e ra tu re  a r e  c o n s id e re d ,  i t  i s  fo u n d  
t h a t  p r a c t i c a l l y  a  f o u r - f o ld  in c r e a s e  i n  s to r a g e  l i f e  
was o b ta in e d  a t  47 and 37°C .
The te m p e ra tu re  c o e f f i c i e n t .
The r a t e  o f  d e t e r i o r a t i o n  a t  47°C h a s  been
TABLE V II .
The te m p e ra tu re  c o e f f i c i e n t s  o f  th e  r a t e  o f  d e t e r i o r a t i o n  o f  th e  
K iestner pow ders' 'f o r  ’d i f f e r e n c e s ' o f  1 6 i n  s to r a g e  te m p e r a f a r e .
Range M easured a t  o f f -  Low te m p e ra tu re  H igh te m p e ra tu re  
f i a v o u r  s c o r e  o f  p r e h e a te d  sam p les p r e h e a te d  sam ples
47-37°C
37-15°C *
1 4 6 8 Averapp 2 £  £  1 Average
1 .0 2 .1 3 .0 1 .8 2 .4  2 .3 2 .2 2 .6  2 .4  2 .8 2 .5
2 .0 2 .1 2 .6 2 .2 2 .4  2 .3 2 .1 2 .3  2 .4  2 .7 2 .4
1 .0 2 .2 2 .2 1 .8 1 .7  1 .9 • • M S .
2 .0 2 .1 2 .2 1 .7 1 .8  1 .9 - - mm
CIO f  o r  t h e  te m p e ra tu re  ra n g e  o f  37°-15°C  was 
c a l c u l a t e d  from  th e  r e l a t i o n s h i p *  C io =
U-2 .2  w here  N i s  t h e  num ber o f  weeks r e q u i r e d  
f o r  an o f f - f l a v o u r  s c o re  o f  1*0  o r  2*0 t o  be 
re a c h e d  a t  15°C d iv id e d  by  th e  num ber o f w eeks 
r e q u i r e d  a t  37°C .
The a v e ra g e  room  te m p e ra tu re  was ta k e n  a t  15°C .
com pared w i\;h  t h a t  a t  37°C and th e  l a t t e r  w i th  th e  
; r a t e  o f d e t e r i o r a t i o n  a t  room te m p e ra tu re  and t h e
j te m p e ra tu re  c o e f f i c i e n t s  f o r  10°C o b ta in e d  a s  shown
| !
| i n  T a b le  V I I .  C o n s id e r in g  t h a t  th e s e  v a lu e s  have j
i  ;| r e s u l t e d  fro m  t a s t i n g  t e s t s ,  th e y  a re  r e a s o n a b ly  
j c o n s i s t e n t .  A verage  v a lu e s  o f  2 .3 ,  2 .4  and 2 .5  f o r  t h e  
i  te m p e ra tu re  c o e f f i c i e n t  be tw een  47 and  37°C com pares 
w e l l  w i th  t h a t  o f  2 .2  o b se rv e d  b y  Lea e t  a l .  (1943)
! f o r  t h e  same 10° d i f f e r e n c e  b e tw een  47° and  37°C i n  
t h e i r  e x p e r im e n ts  on i n e r t  g a s -p a c k in g . S i m i l a r ly ,  
t h e  v a lu e  o f 1 .9  f o r  a  10° d i f f e r e n c e  betw een  37° and I 
15° com pares w e l l  w i th  t h a t  o f  2 .0 5  re c o rd e d  by  Lea 
e t  a l . f o r  t h e  c o rre s p o n d in g  te m p e ra tu re  r a n g e .  By 
I th e  u se  o f  t h e  a p p r o p r i a te  c o e f f i c i e n t  I t  sh o u ld  be 
|p o s s i b l e  t o  o b ta in  a  r e l i a b l e  i n d i c a t i o n  o f  t h e
i
| k e e p in g  q u a l i t y  o f  t h i s  p a r t i c u l a r  ty p e  o f pow der a t  
I any  te m p e ra tu re  b e tw een  15° and 47°C p ro v id e d  th e  j
I ' !
| k e e p in g  q u a l i t y  a t  any  o th e r  te m p e ra tu re  w i th in  th e  i
; .  I
!ra n g e  i s  known. j
i !
i
(t>> A KRAUSE SPRAY-DRYIHS PLANT. j
I
In  th e  e x p e rim e n t w i th  th e  K e s tn e r  p l a n t  th e  m ost | 
im p o r ta n t  f a c t o r  in f lu e n c in g  k e e p in g  q u a l i t y  was fo u n d  I
| t o  be  t h e  p r e h e a t in g  te m p e r a tu re .  I t  was t h e r e f o r e  j
I '
I d e c id e d  t o  c a r r y  o u t a  f u r t h e r  e x p e rim e n t on a
j  '  ;
d i f f e r e n t  ty p e  o f  p l a n t  i n  w h ich  f i v e  d i f f e r e n t  
p r e h e a t in g  te m p e ra tu re s  c o u ld  b e  t e s t e d .  The two 
|main o b je c ts  o f  t h i s  second  ex p erim en t w ere ( l )  to
f i n d  w h e th e r  th e  p r e h e a t in g  te m p e ra tu re  was e q u a l ly
im p o r ta n t  on a  d i f f e r e n t  ty p e  o f  p l a n t ,  an d  (b )  t o  f i n d
jw hat p a r t i c u l a r  p r e h e a t in g  te m p e ra tu re  w ould g iv e  a  
|pow der w i th  t h e  lo n g e s t  s to r a g e  l i f e .
! T hrough  th e  c o u r te s y  o f th e  D i r e c to r s  o f  D rie d
I :
I M ilk  P ro d u c ts  L td .  an e x p e rim e n t was c a r r i e d  o u t on aI •
|  j
K rau se  p l a n t  a t  N o r th a l l e r to n ,  Y o rk s h ire * . The 
! p r i n c i p l e  o f  th e  K rause  p l a n t  h a s  been  d e s c r ib e d  in  !! ■ Ij |
| d e t a i l  by  H u n z ik er (1935) and by S c o t t  (1 9 3 2 ) . As i n
i  j
| t h e  K e s tn e r  p l a n t ,  th e  m ilk  i s  c o n v e r te d  i n t o  a  f i n e  j 
I s p r a y  b y  c e n t r i f u g a l  f o r c e ,  b u t  th e  ty p e  o f  d i s c  from  ji I
[w h ich  i t  i s  sp ra y e d  an d  th e  a rra n g em e n t o f  i n l e t s  and !
! I
o u t l e t s  f o r  th e  h o t  a i r  d i f f e r  from  th o s e  u sed  in  th e  j 
K e s tn e r  p l a n t .
D u rin g  th e  e x p e rim e n t th e  p l a n t  was ru n  n o rm a lly  
e x c e p t t h a t  f i v e  d i f f e r e n t  p r e h e a t in g  te m p e ra tu re s  w ere
I
!u s e d .  T hese  w ere 1 6 0 ° , 1 7 0 ° , 130^ 190° and  200°P . |
i l
j F o r  th e  f o u r  h ig h e r  te m p e ra tu re s  th e  l i q u i d  m ilk  was j
i
i
p a s s e d  th ro u g h  two h e a t e r s .  The f i r s t  h e a t e r  warmed j
i
t h e  m ilk  to  a b o u t 150°P , w h ile  th e  seco n d  r a i s e d  t h e  II
te m p e ra tu re  t o  th e  d e s i r e d  d e g re e .  F o r  t h e
I • !
|p r e h e a t in g  te m p e ra tu re  o f 160°F o n ly  one h e a t e r  was j
;
( r e q u i r e d .  The m ilk  was h e ld  a t  t h e  v a r io u s  te m p e ra tu re ^
;*The w ork a t  th e  f a c t o r y  was u n d e r  th e  d i r e c t i o n  o f  t h e  
! M anager and A s s i s t a n t  M anager, Mr Wood and Mr S h u t t e r ,  
w h ile  e x te n s iv e  b a c t e r i a l  t e s t s  w ere c a r r i e d  o u t on 
I m ilk  sam p led  a t  v a r io u s  p o in t s  th ro u g h o u t th e  p l a n t
I and on th e  r e s u l t i n g  powder b y  Dr C. H ig g in b o tto m  o f  
th e  Hannah I n s t i t u t e .
TABLE V I I I .
V a rio u s  c h e m ic a l and p h y s ic a l  d a ta  f o r  
th e  pow ders made on t h e  K rause  plan'FT
T r i a l
t b ;  •
T em p era tu re
o f
&M o is tu re
C opper
c o n te n t c o n te n t
S o l u b i l i t y  
% a t  '
P r e h e a t in g c o n te n t Red u n its* 1* 20°C 50wc
i 160 1 .3 1 .4 0 .5 99 99
2 170 1 .2 3 .5 0 .6 100 100
3 180 0 .9 3 .6 0 .8 100 99
4 190 1 .6 1 .1 1 .0 100 99
5 200 1 .1 1 .5 1 .1 99 99
A verage 1 .2
i -
m m
^  0*5 y e llo w  u n i t s  w ere u se d  
th r o u g h o u t .
i f o r  a b o u t 20 s e c o n d s . Each p r e h e a t in g  te m p e ra tu re  
c o n tin u e d  i n  u se  f o r  two c o n s e c u t iv e  d a y s ,  th e  m ilk  
ipow der f o r  th e  s to r a g e  t e s t s  b e in g  c o l l e c t e d  on th e
i
| se co n d  d a y . Any r i s k  o f  c o n ta m in a tio n  o f pow der from  
| one t r i a l  w i th  pow der re m a in in g  in  th e  f i l t e r  bags 
| fro m  a  p r e v io u s  t r i a l  was th u s  a v o id e d . The sam p le s
I f o r  s to r a g e  t e s t s  w ere  packed  i n  21 l b .  cans and
*
s e n t  to  t h e  Hannah I n s t i t u t e ,  
jS to ra g e  t e c h n iq u e .
At t h i s  s t a g e  o f  th e  w ork more s to r a g e  
j  accom m odation was a v a i l a b l e .  I t  was t h e r e f o r e  d e c id e d  
i to  s t o r e  th e  pow der i n  s u f f i c i e n t  6 o z . D a n ish  Cream 
can s o f p l a i n  t i n p l a t e  to  make g as a n a ly s e s  p o s s ib l e  
| a t  f r e q u e n t  i n t e r v a l s  d u r in g  th e  s to r a g e  p e r i o d s .  I tI
iwas hoped t h a t  by t h i s  means o b je c t iv e  c o n f irm a tio ni
o f  th e  t a s t i n g  t e s t s  w ould be  o b ta in e d .  90 g .  o f 
pow der w ere t h e r e f o r e  packed  i n  each  c a n , th e  seam s 
o f  th e  can s  la c q u e re d  e x t e r n a l l y  t o  e n su re  t h a t  th e y  
w ere  g a s - t i g h t ,  and  th e  cans s to r e d  a t  4 7 ° , 3 7 ^ and 
room  te m p e r a tu re .  A num ber o f  n i t r o g e n - p a  eked cans 
w ere s to r e d  a t  0°C a s  c o n t r o l s •
R e s u l t s .
M o is tu re  c o n te n t .
The m o is tu re  c o n te n ts  o f  th e  pow ders a r e  r e c o rd e d
|in  T ab le  V I I I .  They w ere a l l  be low  2 .0 $ ,  so  t h a t  t h e r e
!
was a g a in  no  r i s k  o f t h e  o c c u rre n c e  o f  th e  p r o t e i n -  
j la c to s e  ty p e  o f d e t e r i o r a t i o n ,  w h ich  m ig h t o th e rw is e  
h ave  co n fu sed  th e  r e s u l t s .
•TABLE DC. 1
The s to r a g e  l i f e  o f  th e  pow ders made on th e  K rause 
p l a n t  p a c k e d  i n  t i n p l a t e  cans and, .judged b y  flavour.
T r i a l  P re h e a t  la g  Weeks t o  r e a c h  o f f  " f l a v o u r  s c o r e  o f :
T o T "  te m p e ra tu re  ' ■
op 1*0 2*0 1*0 2^0 1*2  2 j0
a t  47°C a t  37UC 3b room
te m p e ra tu re
1 160 6 .0  9 .0 6 .0  9 .0 1 6 .0 1 9 .2
2 170 4 .2  7 .0 6 .2  8*8 1 5 .8 2 0 .0
3 180 8 .8  1 2 .0 1 4 .8  1 7 .2 4 1 .0 4 7 .2
4 190 1 0 .0  1 2 .0 2 1 .0  2 3 .6 i t i t
5 200 9 .0  1 1 .6 1 8 .8  2 1 .6 # i t
R e la t iv e  s to r a g e  l i f e  exjD ressed as a
m u l t i p le  o f  th e  s to r a g e  JL ife  of t h e
s h o r t e s t - l i v e d  pow der.
1 160 1 .4  1 .3 1 .0  1 .0 1 .0 1 .0
2 170 1 .0  1 .0 1 .0  1 .0 1 .0 1 .0
3 180 2 .1  1 .7 2 .4  1 .9 2 .6 2 .5
4 190 2 .4  1 .7 3 .4  2 .7 #
5 200 2 .1  1 .7 3 .1  2 .5 #
*  S to ra g e  a t  room  te m p e ra tu re  h a s  n o t  y e t  
p ro c e e d e d  s u f f i c i e n t l y  f o r  th e s e  v a lu e s  
to  be  o b ta in e d .
S o l u b i l i t y .  |
I n c r e a s in g  t h e  p r e h e a t in g  te m p e ra tu re  from  160° 
i t o  200°F d id  n o t  d im in is h  t h e  s o l u b i l i t y  o f  t h i s  
e x tre m e ly  s o lu b le  pow der (T ab le  V I I I ) .
S u lp h y d ry l  c o n te n t .
The e f f e c t  o f  i n c r e a s in g  th e  p r e h e a t in g  
| te m p e ra tu re  on th e  s u lp h y d ry l  c o n te n t  can  be  se e n  from
I
T ab le  V I I I ,  w here t h e  r e s u l t s  a r e  e x p re s s e d  i n  Lovibond 
r e d  u n i t s .  A b ro w n ish  t i n t  was o b ta in e d  w ith  N o s .l  and 
| 2 and  an  i n c r e a s i n g l y  v iv id  p in k  w i th  Nos .3 ,  4 and 5 .
| C opper c o n te n t .
C opper was e s t im a te d  i n  a l l  th e  sam ples by  th e  
m ethod a l r e a d y  d e s c r ib e d .  The r e s u l t s ,  w hich  a r e
ire c o rd e d  i n  T ab le  V I I I ,  show t h a t  N o s . l ,  4 and  5 had
!
low  v a lu e s  r a n g in g  fro m  1 .1  t o  1 .5  p .p .m . ,  w h ile  i n  
N os. 2 and  3 ,  th e  v a lu e s  w ere  as h ig h  a s  3 .5  and  3 .6  
p .p .m . At one s t a g e  in  t h i s  p l a n t  th e  l i q u i d  m ilk  had
I to  p a s s  th ro u g h  a  ta n k  i n  w h ich  th e  copper s u r f a c e  was
|
|ex p o sed  an d  w h ich  o b v io u s ly  l e d  to  d i f f e r e n t  d e g re e s  o f 
c o n ta m in a tio n  on d i f f e r e n t  d a y s . As shown i n  th e  
fo l lo w in g  d i s c u s s i o n ,  t h i s  v a r i a t i o n  i n  co p p er c o n t t h t  
h ad  a  s i g n i f i c a n t  e f f e c t  on th e  r e s u l t s .
A ssessm en t o f  f l a v o u r .
The t a s t i n g  r e s u l t s  a re  shown i n  F i g . 4 ,  and  th e  j
■ I
jtim es n e c e s s a r y  f o r  o f  f - f  l a v  o u r  sca res  o f  1 .0  and 2 .0
to  be a t t a i n e d  a r e  c o l l e c t e d  i n  T a b le  IX . The pow ders j
;made fro m  m ilk  p r e h e a te d  to  th e  t h r e e  h ig h e r
te m p e ra tu re s  had  a  s l i g h t  cooked f l a v o u r  i n i t i a l l y ,  b u t
r: ' . j V.o , r:,! :cf; ./;> 3/; j ;t o I il.t j - i o a  bi
. ixXlv'  sX6m:).• *s&t&o-q o l d n lo o
I
■ - » : ; ' r . / vj
& x j ± d s e d e * g g j § 4 j |  ^ ; » l s s e * / e n X  b o  J o  . b i b  .>
noo .;■/
F ig u r e  4 .
The d e t e r i o r a t i o n  o f  th e  K rau se  pow ders on 
s t o r a g e / i n  t i n p l a t e  can s  a t  4 7 ° , 3 7 °C and 
room  te m p e r a tu r e ,  i s  m easu red  b y  f l a v o u r  
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The tim e  r e q u i r e d  f o r  10 and  20 mg* 0X7Sfn  
a b so rb e d  b y  100 g .  o f  pow der a t  4700 , 5y0C and
roonT te m p e r a tu r e .
T r i a l  P r e h e a t in g  Weeks r e q u i r e d  t o  a b so rb
ITo. te m p e ra tu re——— — * - _ltog_. _ 20mg. lQmg. 20mg, lQmg. 2Qmg,
gl -3 lc a t  37^0 a t  room
te m p e ra tu re
1 160 4 .8 6 .8 8 .4 1 3 .2 2 0 .3  2 8 .8
2 170 4 .4 5 .6 8 .0 1 2 .4 •2 2 .8  3 2 .8
3 180 5 .6 7 .6 1 4 .4 1 8 .0 4 0 .4  *
4 190 6 .0 9 .6 1 7 .2 2 3 .2 4k 4k
5 200 5 .6 8 .4 1 6 .0 2 2 .0 4k 4k
R e la t iv e  t im e s  f o r th e  a b s o r p t io n  o f
oxygen ta k in g  th e  s h o r t e s t  tim e  a s  1 .0
1 160 1 .1 1 .2 1 .1 1 .1 1 .0  1 .0
2 170 1 .0 1 .0 1 .0 1 .0 1 .1  1 .2
3 180 1 .3 1 .4 1 .8 1 .5 1 .9  *
4 190 1 .4 1 .7 2 .2 1 .9 4k 4k
5 200 1 .3 1 .5 2 .0 1 .8 4k 4k
*  S to ra g e  a t  room te m p e ra tu re  h a s  n o t  y e t  
p ro c e e d e d  s u f f i c i e n t l y  f o r  t h e s e  v a lu e s  
t o  he  o b ta in e d .
TABLE X I.
The p e ro x id e  v a lu e s  o f  pow ders s to r e d  i n  p l a i n  
t i n p l a t e  cans a t  r  oom te m p e r a tu r e .
T r i a l P r e h e a t in g M i l l i e q u iv a l e n t s  o f  p e ro x id e /k g  .pow der
No. ■ tem peratu re
Op A f te r  36 weeks A f t e r  51 weeks
1 160 1 2 .7 1 4 .2
2 170 1 5 .8 1 6 .6
3 180 2 .2 1 0 .1
4 190 2 .5 2 .0
5 200 1 .8 2 .4
t h i s  was n o t  i n  any  way o b j e c t i o n a b le .  '
Gas a n a l y s i s .
The r a t e  a t  w h ich  oxygen was a b so rb e d  b y  th e  
pow ders was d e te rm in e d  f o r  a l l  t h r e e  s to r a g e  te m p e ra -  
t u r e s • The r e s u l t s  a r e  r e c o rd e d  in  P i g .4 .  The tim e s
i
!w h ich  e la p s e d  b e fo r e  10 and  20 mg. oxygen w ere  a b so rb e d
by 100 g .  pow der a r e  shown i n  T a b le  X.
P e ro x id e  v a l u e s .
P e ro x id e  v a lu e s  w ere d e te rm in e d  on two o c c a s io n s
f o r  a l l  t h e  pow ders d u r in g  s to r a g e  a t  room te m p e r a tu re .
I The r e s u l t s  a r e  r e c o rd e d  in  T a b le  X I.
D is c u s s io n .
iThe e f f e c t  o f  th e  p r e h e a t in g  te m p e ra tu re  
| on s to r a g e  l l f e T
I Ohe r e s u l t s  i n  T ab le  IX show t h a t  a t  47° and 37°C!
| th e  t h r e e  h i g h e s t  te m p e ra tu re  pow ders (Nos .3 ,  4 and 5)
|k e p t  f o r  a b o u t tw ic e  o r  t h r e e  t im e s  a s  lo n g  as th e  
two lo w er te m p e ra tu re  pow ders (N o s .l  and  2 ) .  M oreover 
a t  room  te m p e ra tu re  N os. 3 ,  4 and  5 have  a l r e a d y  k e p t
j
f o r  more th a n  tw ic e  a s  lo n g  a s  N o s .l  and  2 , and N os.4  
and  5 a r e  s t i l l  v e ry  p a l a t a b l e .  The a d v a n ta g e  o f  h ig h  
jp re h e a t in g  te m p e ra tu re s  i s  th u s  v e ry  c l e a r l yi
i
! d e m o n s tra te d .i
J
I Gn ex am in ing  th e  r e s u l t s  i n  T ab le  IX i n  more d e ta i l ,
i t
i t  w i l l  b e  fo u n d  t h a t  pow der N o .2 k e p t f o r  a  s h o r t e r  j
tim e  th a n  pow der N o .l a t  47°C and f o r  a b o u t th e  same 
tim e  a t  37°C and room te m p e ra tu re  in  s p i t e  o f  th e  10° 
r i s e  in  p r e h e a t in g  te m p e ra tu re .  T h is  r e s u l t ,  w h ich  a t  
f i r s t  s i g h t  a p p ea re d  an om alous, was u n d o u b te d ly
due t o  th e  h ig h e r  co p p er c o n te n t  o f  pow der No*2 (3*5 
p .p .m .)  a s  com pared w i th  pow der N o .l  ( 1 .4  p .p .m .) «  
i  Such a  h ig h  co p p er v a lu e  in  pow der No*2 w ould  m a ik ed ly  ;
| s h o r te n  th e  s to r a g e  l i f e  o f  th e  pow der and  so  n u l l i f y
| t h e  e f f e c t  o f  i n c r e a s in g  th e  p r e h e a t in g  te m p e r a tu re .
! j
W ith  pow ders 2 and 3 , p r e h e a te d  to  170° and 180°F,j 
! t h e  c o p p er c o n te n t  was a lm o s t i d e n t i c a l  and  th eI Ii _ !
! i n c r e a s e  o f  10°F i n  p r e h e a t in g  te m p e ra tu re  ap p ro x im ate ly
I !
j d o u b le d  th e  s to r a g e  l i f e  o f  th e  pow der. T h is  |
! t h e r e f o r e  p ro v id e s  a  c l e a r - c u t  exam ple o f  t h e  e f f e c t  j
| I
| o f  an  i n c r e a s e  i n  th e  p r e h e a t in g  te m p e ra tu re  w ith  twoI
j o th e rw is e  com parab le  p o w d e rs •
I  i
!
| I t  i s  im p o s s ib le  to  a s s e s s  th e  v a lu e  o f  r a i s i n g
i
| t h e  te m p e ra tu re  from  180° t o  190°P (N os. 3 and  4 ) ,  
s in c e  t h i s  i n c r e a s e  was u n f o r tu n a t e ly  accom panied  by  
a  d e c re a s e  i n  co p p er c o n te n t  fro m  3 .6  to  1 .1  p .p .m .
(T ab le  V I I I ) ,  -  a  d e c r e a s e  w h ich  woulc!. i t s e l f  c au se  |
i a  m arked e x te n s io n  i n  s to r a g e  l i f e .  F o r  pow ders
| '
; p r e h e a te d  to  190° and 200° (Nos .4  and 5 ) t h e  co p p er
|
| c o n te n ts  w e re , h o w ev er, v e ry  s i m i l a r ,  b u t  no  
d i f f e r e n c e s  w ere shown i n  th e  s to r a g e  l i f e .  I t  i s  
t h e r e f o r e  a p p a re n t  t h a t  no  a d v a n ta g e  was g a in e d  in  
t h i s  p a r t i c u l a r  p l a n t  b y  r a i s i n g  t h e  p r e h e a t in g  
te m p e ra tu re  beyond 1 9 0 ° . I t  w ould a p p e a r ,  t h e r e f o r e ,
!t h a t  th e  c r i t i c a l  te m p e ra tu re  l i e s  somewhere betw een  
1170 and 1 9 0 °P .
The oxygen a b s o r p t io n  r e s u l t s  i n  T a b le  X c o n firm  i 
I n  g e n e ra l  th e  c o n c lu s io n s  o b ta in e d  f o r  th e  t a s t i n g
r e s u l t s .  Thus i t  w i l l  b e  o b se rv e d  t h a t  th e  r a t e  o f  
oxygen a b s o r p t io n  (and  t h e r e f o r e  o f d e t e r i o r a t i o n )  
was g r e a t e s t  w i th  N os. 1 and  2 and l e a s t  w i th  N os. 4 ,I - ;
lan d  5 , w i t h  No.3  f a l l i n g  w i th in  th e s e  two e x tre m e s .
!T here  was a l s o  l i t t l e  d i f f e r e n c e  betw een  N o s .l  and 2 ,  j 
| ;
I a  m arked d i f f e r e n c e  betw een N o s. 2 and 3 , and l i t t l e  1
! •
j d i f f e r e n c e  be tw een  N os. 4 and 5 .  j
i
t  :
i I t  i s  n o t  r e a s o n a b le  to  e x p e c t th e  f l a v o u r  and Ii ■ '
j g a s  a n a l y s i s  r e s u l t s  t o  c o n firm  one a n o th e r  in  e v e ry  
| d e t a i l ,  f o r  oxygen a b s o r p t io n  w i l l  n o t  n e c e s s a r i l y  run  j
‘ i
s t r i c t l y  p a r a l l e l  w i th  t h e  su b se q u e n t d e co m p o s itio n  o f  
th e  o x id is e d  p ro d u c ts  to  g iv e  f o u l - t a s t i n g  compounds
i
I o f  s m a l le r  m o le c u la r  w e ig h t.  T h is  may e x p la in  th e
ti
[ f a c t  t h a t  t h e  oxygen a b s o rp t io n  f i g u r e s  f o r  N os. 3 ,
!i
[4 and 5 d id  n o t  d i f f e r  so  much from  th o s e  o f  N o s .l  andii
12 a s  d id  th e  o f f - f l a v o u r  f i g u r e s .  T h is  f a c t ,  a l s o
|
jem phasises t h e  p r a c t i c a l  v a lu e  o f  t a s t i n g  t e s t s  I n  th e  
[s tu d y  o f  fo o d  s to r a g e  p ro b le m s , s in c e  f l a v o u r  and  n o t
[oxygen a b s o r p t io n  i s  th e  u l t im a te  c r i t e r i o n  by  w hich
|
th e  pow der w i l l  be  ju d g e d .
R e fe re n c e  t o  th e  p e ro x id e  v a lu e s  in  T ab le  XI a ls o
j
[shows th e  a d v a n ta g e  o f  th e  h ig h e r  p r e h e a t in g  te m p e ra -
i
I tu r e s .  A f t e r  9 m onths a t  room te m p e ra tu re ,  th e
|
jp ero x id e  v a lu e s  o f  N os. 1 and 2 had  r i s e n  to  1 2 .7  and [! i
[15.8 com pared w ith  v a lu e s  o f  a b o u t 2 f o r  th e  re m a in in g  i 
t h r e e  p o w d e rs . A f te r  a n o th e r  4 m on ths, th e  p e ro x id e  
v a lu e  o f  N o .3 h ad  r i s e n  to  1 0 .1 ,  w h ile  th e  c o rre sp o n d in g  
v a lu e s  f o r  th e  two h ig h e s t  te m p e ra tu re  pow ders w ere
TABLE X I I .
T em p era tu re  c o e f f i c i e n t s  f o r  th e  K rauae 
"  sem p je s  ( c a l c u l a t e d  f ro m  th e  f l a v o u r
r e s u l t s
T r i a l  P r e h e a t in g  C a lc u la te d  f o r  10°C from  th e  
te m p e ra tu re  o f f - f l a v o u r  s c o r e
°p
1 160
1 .0  2 .0  
a t
470^ 3^00 
1 .0  1 .0
1 .0  2 .0  
_ a t 
37°ri5°C
1 .6  1*4
2 170 1 .5  1 .1 1 .5  1 .5
3 180 1 .8  1 .5 1 .6  1 .6
4 190 2 .1  1 .9
5 200 2 .1  1 .9
*  S to ra g e  a t  room te m p e ra tu re  h a s  n o t  
y e t  p ro c e e d e d  s u f f i c i e n t l y  f o r  th e s e  
v a lu e s  t o  he o b ta in e d .
TABUS X I I I .
T em p era tu re  c o e f f i c i e n t s  f o r  th e  K rau se  sam p les  
( c a l c u l a t e d  from  th e  oxygen a b s o r p t io n  d a ta jV
T r i a l  P r e h e a t in g  C a lc u la te d  f o r  10°C from  oxygen 
too. te m p e ra tu re  a b s o rb e d .
1Omg. 20mg. lOmg. 20mg.
1 160 1 .8 1 .9 1 .5 2 .2
2 170 1 .8 2 .2 1 .6 2 .4
3 180 2 .6 2 .4 1 .6 #
4 190 2 .9 2 .5 *
5 200 2 .9 2 .6 * *
*  S to ra g e  a t  room te m p e ra tu re  h a s  n o t 
y e t  p ro c e e d e d  s u f f i c i e n t l y  f o r  th e s e  
v a lu e s  t o  be o b ta in e d .
I s t i l l  o n ly  a b o u t  2 .  T h is  r a p id  in c r e a s e  i n  No*3 was 
ip ro b a b ly  due to  i t s  h ig h  c o p p e r  c o n te n t ,  
j The e f f e c t  o f i n c r e a s in g  th e  p r e h e a t in g  te m p e ra -  |I
t u r e  from  16 0 ° o r  170° t o  180° o r  190°F and  th e  reH ahm tj- j 
and  v a lu e  o f  t a s t i n g  t e s t s  h a s  t h e r e f o r e  b een  c l e a r l y  
shown i n  t h i s  e x p e r im e n t.
T em p era tu re  c o e f f i c i e n t s .
The te m p e ra tu re  c o e f f i c i e n t s  o f  th e  r a t e  o f  
d e t e r i o r a t i o n ,  as m easu red  by t a s t e  and oxygen
i
!a b s o r p t io n  t e s t s ,  a r e  re c o rd e d  i n  T a b le s  X II  and  X I I I .
I
!Betw een 37°C and room te m p e r a tu re ,  th e  c o e f f i c i e n t s  
v a r i e d  be tw een  1 .4  and 1 .6  f o r  a  d i f f e r e n c e  o f 10°C 
when c a l c u l a t e d  from  th e  t a s t i n g  r e s u l t s .  The 
I c o rre s p o n d in g  c o e f f i c i e n t s  f o r  th e  tim e  r e q u i r e d  to
I
jabsoria 10 mg. oxygen w ere  v e ry  s i m i l a r ,  r a n g in g  from  
il*5  t o  1 .6 ,  b u t  f o r  20 mg. oxygen th e y  in c r e a s e d  t o  
2*2 and 2 .4 .  E v id e n t ly  as th e  te m p e ra tu re  I n c r e a s e s ,
i
jth e  r a t e  o f a b s o r p t io n  in c r e a s e s  more r a p i d l y  th a n  th e
i
|r a t e  o f  th e  deve lopm en t o f o f f - f l a v o u r s . S im i la r ly
| i
j fo r  th e  47° t o  37° ra n g e  o f  s to r a g e  te m p e ra tu re s  th e  j
i
!
j c o e f f i c i e n t s  c a lc u la t e d  from  th e  oxygen a b s o r p t io n
t
j r e s u l t s  w ere h ig h e r  th a n  th o s e  from  th e  t a s t i n g  r e s u l t s » 
jone v e ry  u n e x p e c te d  o b s e r v a t io n  was made r e g a rd in g  th e  
[tem p era tu re  c o e f f i c i e n t s  f o r  th e  47° t o  37° r a n g e .  I t  j  
was fo u n d  from  b o th  th e  f l a v o u r  and g as a n a ly s i s  r e s u l t s  
t h a t  th e  te m p e ra tu re  c o e f f i c i e n t  o f  s to r a g e  In c re a s e d  
w i th  th e  p r e h e a t in g  te m p e r a tu re .  As f a r  a s  f l a v o u r  
I s  c o n ce rn ed  th e  low te m p e ra tu re  pow ders d e t e r i o r a t e d
I a lm o s t a s  r a p i d l y  a t  37° a s  th e y  d id  a t  47°C , w h ile  th e  
h ig h  te m p e ra tu re  ones k e p t  tw ic e  a s  lo n g .  No 
| e x p la n a t io n  f o r  t h i s  o b s e rv a t io n  can y e t  b e  ad v an ced .
(c )  A GRAY-JENSEN SPRAY-DRYING- PLANT.
The o b je c t  o f  t h i s  e x p e rim e n t was to  d e te rm in e  
w h e th e r  r a i s i n g  th e  p r e h e a t in g  te m p e ra tu re ,  
c l a r i f i c a t i o n  and g r e a t e r  a t t e n t i o n  t o  th e  d e t a i l s  o f 
p r o c e s s in g  w ould im prove th e  k e e p in g  q u a l i t y  o f  m ilk  
pow der made on a  G ra y -Je n se n  p l a n t .  T h is ty p e  of 
p l a n t  d i f f e r s  m ark ed ly  fro m  b o th  th e  K e s tn e r  and th e  
K rause  p l a n t s .  In  th e  G ra y -Je n se n  p l a n t  th e  m ilk  i s  
c o n v e r te d  i n t o  a  s p ra y  b y  f o r c in g  i t  th ro u g h  a  f i n e  
o r i f i c e  u n d e r h ig h  p r e s s u r e .  M oreover th e  h o t  a i r
!
! l e a v in g  th e  d ry in g  cham ber i s  p a s se d  th ro u g h  th e  
l i q u i d  m ilk  th u s  e f f e c t i n g  i t s  p a r t i a l  p r e - c o n d e n s a t io n .  
At th e  same t im e ,  any pow der In  th e  a i r  l e a v in g  th e  
d ry in g  cham ber i s  washed ou t i n t o  th e  p rec o n d e n se d  
m ilk  and th u s  p a s s e s  b ack  to  th e  d ry in g  cham ber. The 
p r e h e a t in g  sy s te m  and th e  ty p e  o f  co n d en se r a l s o  d i f f e r  
m ark ed ly  from  th o s e  o f  t h e  o th e r  two p l a n t s .  D e ta i l s  
o f  a  t y p i c a l  G ra y -Je n se n  d r i e r  a r e  g iv e n  by  H u n z ik e r 
(1935) and by S c o t t  (1 9 3 2 ) .
T hrough th e  k in d n e s s  o f  Mr W.B. B a rb o u r, Managingi
!D i r e c to r  o f  th e  S c o t t i s h  M ilk  Powder Go. L t d . ,  a  j
|p l a n t  q f  t h i s  ty p e  was made a v a i l a b l e  f o r  ex p e rim e n t j
| ;
! a t  K irk c u d b r ig h t* .  The p r e h e a t in g  sy stem  i n  u s e  a t
i  % h e  e x p e rim e n t was u n d e r th e  d i r e c t i o n  o f  th e  M anager 
o f  th e  f a c t o r y ,  Mr M. N e ilso n  and o f th e  p r e s e n t  
a u th o r  •
TABLE XIV.
The p r e - h e a t i n g  and h o ld in g  te m p e ra tu re s  f o r  a  t y p i c a l  
tlhe c o n t r o l  p e r io d  and f o r  a  t y p i c a l  day  i n  th e  
e x p e r im e n ta l  p e r i o d .
Time P re h e a t  in g  T em p era tu re  I n
£' emp e r a t u r e  h o ld in g ta n k  “
of of
C o n tro l  p e r io d
A.M.
I O o 171 168
1 0 .3 0 170 169
1 1 .0 0 169 165




2 .1 5 179 178
5 .0 0 179 178
7 .0 0 173 178
8 .3 0 171 176
9 .0 0 180 178
Mean 1 7 3 .4°P 1 7 2 .8 °P
A.M.
E x p e r im e n ta l  p e r io d
ror.ojo 179 176
1 0 .3 0 180 180
1 1 .0 0 180 175
1 1 .3 0 182 180
P.M .
1 2 .3 0 180 179
2 .0 0 180 179
4 .0 0 * 180 179
Mean 180PF 178.40%
*  S h o r te r  p e r io d  o f  ru n n in g ;  o n ly  
m orning*a m ilk  was u s e d .
I th e  p l a n t  d id  n o t  a l lo w  a  f r e e  c h o ic e  o f  p r e h e a t in g  
j te m p e r a tu re ,  n o r  was i t  p o s s ib l e  t o  l i m i t  th e  h e a t in g  
o f  t h e  m ilk  to  o n ly  a  few  s e c o n d s .  The te m p e ra tu re  o f  j
t h e  m ilk  had  to  b e  r a i s e d  by  pum ping i t  c o n tin u o u s ly  j
!
from  a  h o ld in g  ta n k  th ro u g h  a  h e a t e r  and  b ack  to  th e  j
j
j h o ld in g  ta n k  u n t i l  i t s  te m p e ra tu re  was ab o u t 1 7 0 °F . j
I j
I  I t  was th e n  h e ld  a t  o r  n e a r  t h a t  te m p e ra tu re  f o r  j
p e rh a p s  t h r e e - q u a r t e r s  o f a n  h o u r u n t i l  i t  c o u ld  b e  j
p a s s e d  t o  th e  c o n d en se r  and th e n c e  to  th e  d r i e r .  The
h o ld in g  ta n k  c o n ta in e d  ab o u t 1 ,0 0 0  g a l l o n s .
I I t  was d e c id e d , i n  v iew  o f  th e  d i f f i c u l t i e s
!
. in v o lv e d  i n  th e  c o n t r o l  o f  th e  tim e  and te m p e ra tu re  o f
«
p r e h e a t in g ,  t o  l i m i t  th e  te m p e ra tu re  changes t o  th e  
maximum w h ic h  co u ld  be  e f f e c t e d  u n d e r e x i s t i n g  j
p r a c t i c a l  c o n d i t i o n s , a l th o u g h  i t  was r e a l i s e d  t h a t  thej 
d i f f e r e n c e s  b e tw een  t h e  c o n t r o l  and e x p e r im e n ta l  periods!
m igh t be  r e l a t i v e l y  s m a l l .  I t  w i l l  be se e n  from  th e
j
| t y p i c a l  days* ru n s  i n  T a b le  XIV t h a t  t h e  a v e ra g e
1I
p r e h e a t in g  te m p e ra tu re s  o f  th e  c o n t r o l  and e x p e r im e n ta l  
p e r io d s  v a r i e d  by  a b o u t 7°F and th e  h o ld in g  tem p era tu re^  
by  ab o u t 5 ° F .
The e x p e r im e n t, a s  f i n a l l y  p la n n e d , com prised  
two m ain p e r i o d s ,  o f  w h ich  th e  d e t a i l s  may be  
|sum m arised a s  f o l lo w s : -
i
I C o n tro l p e r io d  o f  6 d a y s .
j ( l )  The ru n n in g  o f  t h e  p l a n t  was c a r r i e d  o u t 
j  a c c o rd in g  to  th e  u s u a l  p ro c e d u re  a t  t h i s
f a c t o r y .
-TABLB XV.
The sam pling; t im e s  I n  th e  G ra y -Je n se n  ex p e rim e n t
C o n tro l
P e r io d
E x p erim en ta l 
~  K S T od-----
Code
















Hours a f t e r  . Time b e fo r e  o r  a f t e r  ch an g e -o v e r 
d ry in g  began  from  c o n t r o l  -bo e x p e rim e n t a l '
















) 6 days b e f o r e  c h a n g e -o v e r , no  
) c l a r i f i e r .
)
) 3 days b e fo r e  c h a n g e -o v e r , 
j c l a r i f l e r  i n  u s e ,
)
!1 d ay  b e fo r e  c h a n g e -o v e r , no c l a r i f i e r .)
1 day  a f t e r  c h a n g e -o v e r , c l a r i f i e s  
i n  u s e ,  .
) 6 d ay s a f t e r  c h a n g e -o v e r , c l a r i f i e r  
) i n  u s e .
(2 ) The m ilk  was th e  u s u a l  S ep tem ber m ilk  s u p p ly ,  
c o n s i s t in g  o f  m ixed e v e n in g  and  m orn ing  m ilk ,  
and was c o l l e c t e d  once d a i l y .
(3 ) No c l a r i f i e r  was u se d  e x c e p t on one d ay  i n  th e  
m id d le  o f t h e  p e r i o d .
; (4 ) The p l a n t  was c le a n e d  d a i l y  w i th  h y p o c h lo r i te  
s o l u t i o n  renew ed e v e ry  5 d a y s .
(5 ) The m ilk  was p r e h e a te d  f o r  a  few  m in u te s  a t
170-180°F  and was th e n  h e ld  a t  168-178°F  f o r
an a v e ra g e  o f  a b o u t 45 m in u te s .  S in c e  t h e  
m ilk  f lo w e d  c o n tin u o u s ly  th ro u g h  th e  h e a t e r  
t o  and fro m  th e  h o ld in g  ta n k ,  th e  h o ld in g  
tim e  and te m p e ra tu re s  can n o t be  s t a t e d  more 
p r e c i s e l y .
E x p e r im e n ta l  p e r io d  o f  6 d a y s .
(1 ) O nly s e l e c t e d  m orn ing  m ilk  was d r i e d .
I (2 ) The c l a r i f i e r  was u se d  th ro u g h o u t .
(3 )  The p l a n t  was c le a n e d  d a i l y  w i th  f r e s h  
h y p o c h lo r i t e .
(4 )  E x cep t f o r  th e  l a s t  day  o f th e  p e r io d ,  th e  
te m p e ra tu re  was r i g i d l y  m a in ta in e d  a t  180°F 
± 1°  in  th e  p r e h e a te r  w h ile  th e  h o ld in g  
te m p e ra tu re  was 1 7 6 -1 8 0 °F . On th e  l a s t  day  
o f  th e  p e r io d  th e  h o ld in g  te m p e ra tu re  
d ro p p ed  ( f o r  u n a v o id a b le  t e c h n ic a l  r e a s o n s )  
to  170°F , though  th e  p r e h e a t in g  te m p e ra tu re  
rem a in e d  u n changed .
T ab le  XIV shows th e  te m p e ra tu re s  f o r  one t y p i c a l  
| d ay  i n  each  p e r i o d .  The p l a n t  was th o ro u g h ly  c le a n e d  
| and o v e rh a u le d  on th e  d a y  b e fo r e  each  p e r io d  b e g a n .
| R e p r e s e n ta t iv e  sam ples o f  pow der w h ich  w ere ta k e n
I
Io n  th e  d ays and a t  th e  t im e s  shown i n  T ab le  XV w ere  
I ta k e n  t o  th e  H annah I n s t i t u t e  i n  21 l b .  cans f o r  
s to r a g e  e x p e r im e n ts .  I t  w i l l  be o b se rv e d  t h a t  A and 
B in  th e  c o n tr o l  p e r io d  (T ab le  XV) c o rre sp o n d  to  
G and  H i n  th e  e x p e r im e n ta l  p e r io d  and  t h a t  D and E 
c o rre sp o n d  t o  J  and K. C and F d i f f e r  from  I  and  L
TABLE XVI.
The s o l u b i l i t y  an d  m o is tu re  c o p p e r  c o n te n t  o f  
taxe f l ra y -J e n s e n  sam ples-*
Sam ple S o l u b i l i t y  M o is tu re  Copper  c o n te n t
“  % ~% t a r t s  p e r
20°C 50°C m i l l i o n .
C o n tro l  P e r io d
A 92 98 1 .9 2 .4
B 94 99 2 .0 0 .8
C 90 98 1 .7 0 .7
S I 91 96 1 .9 1 .4
S2 91 99 1 .9 0 .8
S3 91 97 2 .4 0 .6
D 93 97 1 .9 1 .1
E 91 96 2 .0 0 .8
P 89 93 1 .5 0 .8
A verage -90 96 2 .0 -
E x p e r im e n ta l P e r io d
a 89 97 2 .0 0 .8
H 92 97 1 .5 0 .8
I 90 96 1 .7 0 .8
J 92 94 2 .1 1 .1
K 94 97 1 .6 0 .8
L 92 95 1 .6 1 .0
Average 91 96 1 .8
| i n  t h a t  th e y  w ere  ta k e n  a f t e r  15 and 12 h o u rs  o f  d ry in g
I i n s t e a d  o f  a f t e r  9 h o u rs  • T h is  was c a u se d  by  th e  f a c t
i t h a t  o n ly  m orn ing  m ilk  was u se d  In  th e  e x p e r im e n ta l  
p e r io d ,  w i th  t h e  r e s u l t  t h a t  th e  d ry in g  p e r io d  o n ly  
l a s t e d  f o r  n in e  h o u rs  com pared w ith  1 2 -15  h o u rs  i n  th e  j 
c o n t r o l  p e r i o d .  S ^ , Sg and  S3 c o rre sp o n d  r e s p e c t i v e l y  
t o  A, B and C and a l s o  t o  D, E and F e x c e p t t h a t  th e  j
; c l a r i f i e r  was i n  u s e .  1
i
j The s to r a g e  te c h n iq u e  was i d e n t i c a l  w ith  t h a t  
j  u se d  f o r  th e  K e s tn e r  sam ples ( p .  2 8 ) .  At each  t e s t  
th e  f l a v o u r  o f  15 sam p les h a d  to  be  a s s e s s e d .  S in c e  
t h i s  was to o  l a r g e  a  num ber f o r  th e  p a l a t e  a t  one 
t im e , a l l  t h e  5 -h o u r  sam ples and a  c o n tro lw b re  t a s t e d  
f i r s t .  A t l e a s t  one h o u r l a t e r  th e  2 -h o u r  and f i n a l  
sam ples fro m  e a c h  o f  th e  f i v e  days w ere compared w i th  
th e  5 -h o u r  sa m p le s .
R e s u l t s .
M o is tu re  c o n te n t  and  s o l u b i l i t y .
The r e s u l t s  i n  T ab le  XVI show t h a t  a l l  th e  
m o is tu re  c o n te n ts  w ere  below  2 .5 $ .  T a llo w in e ss  was 
th e r e f o r e  t h e  o n ly  ty p e  o f  d e t e r i o r a t i o n  t o  be e x p e c te d . 
The s o l u b i l i t i e s  showed v a r i a t i o n s  w i th in  th e  * 
in d iv id u a l  p e r i o d s ,  b u t  th e  a v e ra g e  f o r  th e  c o n t r o l
i!
|p e r io d  was p r a c t i c a l l y  I d e n t i c a l  w ith  t h a t  f o r  th e
j




No c l e a r c u t  p o s i t i v e  t e s t  was o b ta in e d  w ith  anyI 1
j o f  th e  p o w d ers , a l th o u g h  th e  k e e p in g  q u a l i t y  o f  m ost
TABLE X V II.
The s to r a g e  l i f e  o f th e . G ra y -Je n se n  p o w d e rs .
Weeks t o  d e t e r i o r a t e  to  
o f f - f l a v o u r  s c o r e  o f~
Sam ples 1 .0  2*0 
a F “ 47tT5
1 .6  2 .0  
a F W * 3
1 .0  2 .0  
































































































Mean f o r  
A, D, S I 6 7 11 20 45 58
Mean f o r  
G and  J 9 13 24 29
# #
Mean f o r  
B ,C ,E ,F ,S 3
10 13 24 30 « *
Mean f o r  
H ,I ,K ,L 11 14 28 38
# *
*  S to ra g e  a t  room te m p e ra tu re  h a s  
n o t  y e t  p ro c e e d e d  s u f f i c i e n t ! j r .  
f o r  th e s e  v a lu e s  t o  be o b ta in e d .
TABLE X V III .
R e la t iv e  s to r a g e  l i f e  o f  t h e  G ra y -Je n se n  p o w d e rs , 
Sam ples
C o n tro l
'Period
E x p e rim e n ta l  
























































































Mean f o r  
A, D, S I 1 .0 1 .0 1 .0 1 .0 1 .0
Mean f o r  
G and J
1 .5 1 .9 2 .2 1 .5 *
•
Mean f o r  
B ,C ,E ,F ,S 3
1 .7 1 .9 2 .2 1 .5 #
Mean f o r  
H ,I ,K ,L










S t o r a g e  a t  room  te m p e ra tu re  h a s  
n o t  y e t  p ro c e e d e d  s u f f i c i e n t l y  




The p e ro x id e  v a lu e s  o f th e  G ra y -Je n se n  pow ders 
a f t e r  &5 w eeks a t  room te m p e r a tu r e .
Sam ple M U lie q u lv a le n ts  
p e ro x id e  p e r  k « .
( A
p o w d er. 
1 7 .6
( B 3 .1
(t C
3.2*
C o n tro l
\
( D 7 .0





















E x p e r im e n ta l










( L 1 .7
Mean f o r A, D & S I (Group I ) 1 0 .9
Mean f o r G and J  (Group I I ) 2 .9  *
Mean f o r B, C, E , F and  S3 
• (Group I I I )
3 .3
Mean f o r  H ,I ,K  and L (Group XV) 2 .0
o f  them  was good . I t  seems p o s s i b l e  t h a t  th e
e x c e p t i o n a l  method o f  p r e h e a t in g  and h o ld in g  a f f e c t e d  j
j
t h e  t e s t ,  b u t  i t  was n o t  f e a s i b l e  t o  i n v e s t i g a t e  t h i s  j 
p o i n t  in  d e t a i l .
A ssessm en t o f  f l a v o u r .
The t a s t i n g  r e s u l t s  a r e  shown in  F ig s .  5 and  6 .  
tfhe t im e s  r e q u i r e d  f o r  o f f - f l a v o u r  s c o re s  o f  1 .0  and  
2 .0  t o  be re a c h e d  a r e  r e c o rd e d  in  T ab le  X V II, a n d  th e  
r e l a t i v e  s to r a g e  l i f e  o f  t h e  pow ders in  T ab le  X V III .
P e ro x id e  v a l u e s .
j The p e ro x id e  v a lu e s  o f  th e  pow ders w ere e s t im a te d  
j a f t e r  85 w eeks a t  room te m p e ra tu re  • The r e s u l t s  
|a r e  r e c o rd e d  in  T a b le  XIX.
1 Copper c o n t e n t .
j C opper was e s t im a te d  i n  a l l  th e  sam ples by  th e
|m ethod g iv e n  in  P a r t  I .  The r e s u l t s ,  g iv e n  in  T ab le  
IXVI show t h a t  th e  o n ly  b a d ly  c o n ta m in a te d  pow ders w ere 
isam ples A and S I .
i
| D is c u s s io n .
• Ip e p l n g  Q u a l i t y .
I
| In  a l l ,  15 sam p les o f  powder w ere a v a i l a b l e
I
(T able  XV). The more Im p o r ta n t .c o n c lu sio n s  o f  th e  
experim en t c an  b e s t  be sum m arised  by  d iv id in g  th e s e  
15 sam ples I n to  th e  fo l lo w in g  f o u r  g r o u p s : -
Group I  A, D and  S ^ , th e  t h r e e  sam ples ta k e n  in  th e  
| c o n t r o l  p e r io d  2 h o u rs  a f t e r  d ry in g  b eg an ,
and w h ich  w ere c o n ta m in a te d  w ith  c o p p e r .
* hr--: ■ c l  .■ c • r -1; :■ - k i r . - d y  LJtd& t''  ■ ■
r a n '  O. ".. : ' :^ r r :  r i t - ' i r . r
.-.fct . 1 c5#£ ■ r i - . vi-m r-.
, tTrYtf.y ,-4- •»*•;.- ••' '•>'*< - -■*''v-v r- *■
F ig u re  5 .
The d e t e r i o r a t i o n  i n  f l a v o u r  o f  th e  G ray - 
J e n s e n  pow ders made d u r in g  th e  c o n t r o l  
p e r io d  when th e  c l a r i f i e r  was n o t  In  u s e .  
x  is pow ders s to r e d  a t  47°C , o s pow ders 
s t o r e d  a t  37°C and  # = pow ders s t o r e d  a t  
room te m p e r a tu r e .
F ig u re  6 .
The d e t e r i o r a t i o n  in  f l a v o u r  o f  t h e  G ray - 
J e n s e n  pow ders made d u r in g  th e  e x p e r im e n ta l  
p e r i o d  (sam p les G to  I») and a l s o  o f th o s e  
made d u r in g  th e  c o n t r o l  p e r io d  on th e  day  
when a  c l a r i f i e r  was i n s e r t e d  ( s a m p le s 'S i ,  
S2 and  S3 ) •
x  ■ pow ders s t o r e d  a t  47°C , o ■ pow ders 
s t o r e d  a t  37°C and e s  pow ders s t o r e d  a t  
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Group I I  G and J ,  th e  two sam ples ta k e n  in  th e
e x p e r im e n ta l  p e r io d  2 h o u rs  a f t e r  d ry in g  began.
Group I I I  B, C, E, F and  S3 , th e  re m a in in g  Sam ples
ta k e n  i n  th e  c o n t r o l  p e r i o d .
Group IV H, I ,  K and L, th e  re m a in in g  sam p le s  ta k e n
i n  th e  e x p e r im e n ta l  p e r i o d .  j
R e fe re n c e  t o  T ab les  XVII and X V III shows t h a t  th e
a v e ra g e  s to r a g e  l i f e  o f  th e  members o f Groups I I ,  I I I
and IV was o f  th e  same g e n e r a l  o r d e r  e x c e p t t h a t  Group
IV was v e ry  s l i g h t l y  s u p e r io r  t o  th e  two o th e r  g ro u p s .
The pow ders i n  Group I ,  p a r t i c u l a r l y  sam ple  A,
p o s s e s s e d  a  much s h o r t e r  s to r a g e  l i f e  th a n  an y  o f  th e
jo th e r  p o w d e rs . The h ig h  copper c o n te n t  o f pow der A would
u n d o u b te d ly  s h o r te n  i t s  l i f e  and th e  same w ould a p p ly  to
jS i. F u r th e rm o re , th e s e  s h o r t - l i v e d  po w d ers , A, D and
w ere  a l l  c o l l e c t e d  2 h o u rs  a f t e r  d ry in g  b e g a n .
T h e i r  s h o r t  l i f e ,  t h e r e f o r e ,  may a l s o  be due to1
I n s u f f i c i e n t  a t t e n t i o n  b e in g  p a id  to  th e  p r e h e a t in g  of 
th e  l i q u i d  m ilk  d u r in g  th e  f i r s t  h o u r or so  of d r y in g .  
jL ater in  th e  day  when th e  h e a t in g  sy s tem  may have  be&emo 
jnore s t a b i l i s e d  and  in  th e  e x p e r im e n ta l  p e r io d  when th e  
h e a t in g  a rra n g e m e n ts  w ere u n d e r more s t r i c t  c o n t r o l  from  
th e  b e g in n in g  o f  th e  d a y ’ s d r y in g ,  none  o f th e  sam ples
Showed t h i s  s h o r t e r  s to r a g e  l i f e .  T h is  may be
|
I l l u s t r a t e d  by sam ples H and J  w hich  had  more and  th e  
Same amount o f  co p p er r e s p e c t i v e l y  a s  sam ple D and
|re t  h a d  a  much lo n g e r  s to r a g e  l i f e
j From th e  f a c t  t h a t  th e  pow ders in  Groups I I ,
| I I I  and IV w ere v e ry  s i m i l a r  i n  k e e p in g  q u a l i t y ,  i t  
w ould  a p p e a r  t h a t  w ith  th e  G ra y -Je n se n  p l a n t  -  a s  n m w iiy
TABLE XX,
The te m p e ra tu re  c o e f f i c i e n t s  f o r  t h e
g ra y -J e n s e n  p o w d ers . "
Sam ples
T em p era tu re  c o e f f i c i e n t s  (10°C ) 
5 7 -4 7 °  ra n g e Room te m p e ra tu re  t o    ^ u j r g s j f e e --------





































































A verage 2 .5 2 .4 1 .7 1 .6
Mean f o r  
A, D, S I
2 .4 2 .7 1 .7 1 .6
Mean f o r  
G and J 2 .5 2 .2
# #
Mean f o r  
B ,C ,E ,F ,S 3 2 .5 2 .2
* #
Mean f o r 2 .5 2 .5 # #
*  S to ra g e  a t  room te m p e ra tu re  h a s  
n o t  y e t  p ro c e e d e d  s u f f i c i e n t l y  
f o r  th e s e  v a lu e s  to  be o b ta in e d .
u se d  I n  t h i s  p a r t i c u l a r  f a c t o r y  -  th e  s to r a g e  l i f e  o f 
th e  pow ders (w hich  i s  u s u a l ly  v e ry  good) c a n n o t he 
s i g n i f i c a n t l y  im proved by s e l e c t i n g  th e  m ilk , by  
;c l a r i f i c a t i o n  o r by  p a y in g  a d d i t i o n a l  a t t e n t i o n  t o  th e  
;c le a n in g  o f th e  p l a n t .  The f a c t  t h a t  c l a r i f i c a t i o n
i
Ip e r  s e  had  no  s i g n i f i c a n t  e f f e c t  on s to r a g e  l i f e  3a
i
co n firm ed  by  th e  g e n e ra l  s i m i l a r i t y  be tw een  S2 and  
IS3 and B, C, E and F , -  f o r  a l l  th e s e  pow ders w ere 
jm an u fac tu red  u n d e r  com parab le  c o n d i t io n s  e x c e p t f o r  th e
I
i in t r o d u c t io n  o f  th e  c l a r i f i e r  d u r in g  th e  m a n u fa c tu re  
[of t h e  ltSfl s a m p le s . T hese r e s u l t s  c o n firm  in  g e n e ra l  
ith o se  o b ta in e d  w i th  th e  K e s tn e r  p la n t  ( p . 32 ) .
M oreover, a s  w i th  t h e  K e s tn e r  sa m p le s , m ilk  s e l e c t i o n  
ja lso  h ad  n o  e f f e c t  w ith  sam p les  in  w h ich  th e  
te m p e ra tu re  o f  p r e h e a t in g  was h ig h *  In  t h i s  co n n ex io n  
| i t  may be n o te d  t h a t  w i th  t h e  G ra y -Je n se n  p l a n t  th e  
(p re h e a tin g  was p ro b a b ly  s u f f i c i e n t l y  d r a s t i c  to  cause  
|th e  pow ders to  re se m b le  th e  190°F sam ples made on th e  
jK estner p l a n t  r a t h e r  th a n  th e  165°F sa m p le s .
The p e ro x id e  v a lu e s  re c o rd e d  in  T ab le  XIX f o r  th e  
j in d iv id u a l  sam p les and th e  a v e ra g e  v a lu e s  f o r  t h e  fo u r  
g ro u p s co n firm  th e  c o n c lu s io n s  from  t h e  t a s t i n g  t e s t s .  
T em p era tu re  c o e f f i c i e n t s .
! The te m p e ra tu re  c o e f f i c i e n t s  betw een 47° and  37° 
'r e c o rd e d  i n  T a b le  XX v a r ie d  c o n s id e ra b ly  from  sam ple 
to  sam ple  b u t  f o r  m ost o f th e  pow ders th e  v a lu e  la y
c lo s e  t o  th e  a v e ra g e  o f  2 .5  and 2 .4  w h ich  i s  v e ry  
s l i g h t l y  h ig h e r  th a n  t h a t  fo u n d  f o r  t h e  K e s tn e r  pow ders 
( p .  3 4 )  and f o r  th e  h ig h  te m p e ra tu re  K rause  pow ders 
j o v e r  th e  same te m p e ra tu re  r a n g e .  Betw een 37° and  15°C j
j  j
j t h e  c o e f f i c i e n t  f o r  10°C la y  betw een  1 .6  and  1 .8 ,  whichj 
i s  in te r m e d ia te  be tw een  th e  c o rre s p o n d in g  v a lu e s  o f 
1 ,9  f o r  t h e  K e s tn e r  pow ders and 1 .5  f o r  th e  K rause 
| pow ders (T a b le s  V II  and  X I I ) .
C o n c lu s io n  and Summary t o  P a r t  I I .I
| 1 ,  A d e s c r i p t i o n  h a s  been  g iv e n  o f  e x p e r im e n ts  w h ich  
w ere d e s ig n e d  t o  im prove th e  s to r a g e  l i f e  o f m ilk  
I pow der made on K e s tn e r ,  K rause  and G ra y -Je n se n  p l a n t s .
; 2 .  T h ree  m ain m ethods w ere em ployed. The p r e h e a t in g  
t e m p e ra tu re  was r a i s e d  w i th  th e  o b je c t  o f im prov ing  
th e  a n t io x id a n t  p r o p e r t i e s  o f  th e  m ilk  powder th ro u g h  
an in c r e a s e  in  t h e  s u lp h y d ry l  c o n te n t  o f  th e  m i lk .
The e f f e c t s  o f  c l a r i f i ca t i o n  and o f  m ilk  s e l e c t i o n  
w ere a l s o  i n v e s t i g a t e d ,  s in c e  i t  was f e l t  p o s s ib l e  |
; t h a t  by  th e s e  means any p ro - o x id a n ts  r e s u l t i n g  from  |
| t h e  p r o l i f e r a t i o n  o f m ic ro -o rg a n ism s  in  th e  m ilk  m ig h t 
jb e  r e d u c e d .
3 . The p r e h e a t in g  te m p e ra tu re  was fo u n d  to  e x e r t  a  
jg r e a t e r  e f f e c t  on th e  k e e p in g  q u a l i t y  o f a  m ilk  powder
I th a n  any  o th e r  f a c t o r .  In  th e  K e s tn e r  p l a n t  p r e h e a t in g
; \
a t  190°F i n  p la c e  o f  165°F f o r  20 seco n d s  ro u g h ly  
d o u b led  th e  s to r a g e  l i f e  w i th  s e l e c te d  m ilk  and 
in c r e a s e d  i t  t h r e e ^ f o ld  w ith  o rd in a ry  m ilk .  W ith  t h e  I
j
K rause p l a n t  th e  s to r a g e  l i f e  o f  th e  pow ders was
d o u b led  b y  r a i s i n g  th e  p r e h e a t in g  te m p e ra tu re  from  
170 to  180°F and more th a n  d o u b led  by  r a i s i n g  i t  from  
160° to  19 0 °F . A f u r t h e r  r i s e  in  te m p e ra tu re  to  200°F , 
h ow ever, g ave  no f u r t h e r  s i g n i f i c a n t  i n c r e a s e .  I t  
I seems p ro b a b le  t h a t  th e  c r i t i c a l  p r e h e a t in g  te m p e ra -  
| t u r e  l i e s  be tw een  170 and 19 0 °F .
j
| 4 .  W ith  b o th  th e  K e s tn e r  and  G ra y -Je n se n  p l a n t s
i
; c l a r i f i c a t i o n  had  no s i g n i f i c a n t  e f f e c t  on th e  s to r a g e
i *
l i f e  o f  th e  p o w d er.
5 .  W ith  th e  K e s tn e r  p l a n t ,  m ilk  s e l e c t i o n  r e s u l t e d
" 1 ■' r -7 ir L J I  -  '■» ■ -
| i n  a  d o u b lin g  o f  th e  s to r a g e  l i f e  when th e  p r e h e a t in g
|
|t e m p e r a tu r e  was 165°F . W ith  a  p r e h e a t in g  te m p e ra tu re  
| o f  19 0 °F , how ever, m ilk  s e l e c t i o n  h ad  no  s i g n i f i c a n t  
e f f e c t .
; 6 . The te m p e ra tu re  c o e f f i c i e n t  f o r  th e  r a t e  o f  
|d e v e lo p m e n t o f  t a l lo w in e s s  h a s  been c a lc u la t e d  f o r  a  
|c h an g e  i n  s to r a g e  te m p e ra tu re  from  37°C to  47°C and 
I a l s o  f o r  a  10°C d i f f e r e n c e  in  th e  te m p e ra tu re  ran g e
| betw een room te m p e ra tu re  and 37°C . E xcep t w ith  th e
i  n
| K rause pow ders made from  m ilk  p r e h e a te d  to  160° and
i
|1 7 0 ° F , th e  a v e ra g e  v a lu e s  f o r  th e  ra n g e  47-37°C f o ri|
j e ac h  o f  th e  ty p e s  o f pow der v a r ie d  from  1 .9  t o  2 .5 .
|F o r  t h e  ra n g e  betw een  room te m p e ra tu re  and 37°C th e
ii
| a v e ra g e  v a lu e s  w ere  a b o u t 1 .9  f o r  th e  K e s tn e r  p o w d ers ,
| 1 .5  f o r  th e  K rause pow ders and 1 .7  f o r  th e  G ra y -Je n se n  
p o w d ers .
7 .  In  a l l  t h r e e  p l a n t s  th e  p re s e n c e  o f  e x c e s s iv e  
am ounts o f co p p er i n  some o f  th e  sam ples was d e te c t e d .
The s to r a g e  l i f e  of t h e s e  sam ples was s h o r te n e d ,  in  
some in s ta n c e s  s e r io u s ly ,  by  th e  p re s e n c e  o f t h i s  m e ta l 
The n e e d  f o r  freed o m  from  co p p er in  b o th  e x p e r im e n ta l  
and com m erc ia lly -m ade  pow ders i s  e m p h a s ise d .
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I * PART I I I .
ASCORBIC ACID AND ETHYL GALLATE AS ANTIOXIDANTS 
IN MILK POWDER.
I n t r o d u c t io n .
The e x p e rim e n ts  so  f a r  d e s c r ib e d  have  shown t h a t  
th e  k e e p in g  q u a l i t y  o f  f u l l  cream  s p r a y - d r ie d  m ilk  can  
|b e  g r e a t l y  e x te n d ed  by in c r e a s in g  th e  p r e h e a t in g
S
I te m p e ra tu re  o f  th e  l i q u i d  m ilk  t o  180° o r  190°F . The 
h ig h e r  p r e h e a t in g  te m p e ra tu re s  im p a rt a  s l i g h t  cooked 
f l a v o u r  t o  th e  r e s u l t i n g  m ilk  pow der. To m ost u n b ia s e d  
!t a s t e r s  th e  cooked f l a v o u r  i s  n o t  o b je c t io n a b le ,  b u t  
how ever s l i g h t  i t  may b e ,  i t  a d m it te d ly  te n d s  t o  
d e c re a s e  th e  c lo s e  re sem b lan c e  t h a t  o t h e r w i s e  e x i s t s  
■between t h e  f la v o u r  o f  f r e s h  m ilk  and t h a t  o f th e  b e s t  
| r e c o n s t i t u t e d  p o w d er.
I t  was th o u g h t p o s s ib le  t h a t  a  m ilk  powder o f 
jlong k e e p in g  q u a l i t y  b u t  h a v in g  no u n d e s i r a b le  cooked 
( f la v o u r  m ig h t be  s e c u r e d  by  th e  a d d i t io n  o f  an 
;a n t io x id a n t  t o  th e  l i q u i d  m ilk  b e fo re  d r y in g .  Such a  
(method o f  e x te n d in g  th e  s to r a g e  l i f e  o f  a  m ilk  pow der 
jwould be  e x tre m e ly  s im p le  t o  c a r r y  o u t u n d e r f a c t o r y
( c o n d i t io n s . No s p e c i a l l y  s k i l l e d  la b o u r  o r  u n u su a l
i
Equipm ent w ould be  r e q u i r e d  and th e  c o n ta in e r s  f o r  t h e
i
i
jpowder w ould  n o t  h a v e  to  p a s s  th e  e x a c t in g  g a s -
!
( t ig h tn e s s  t e s t s  w h ich  a r e  e s s e n t i a l  w ith  pow ders p ack ed  
i n  i n e r t  g a s  (Lea e t a l . ,  1 9 4 3 ) . The s u b s ta n c e  u se d
a s  an  a n t io x id a n t  i n  m ilk  would o f  c o u rs e  h av e  to  
conform  to  c e r t a i n  b a s ic  s t a n d a r d s .  I t  w ould have  to  
b e  h a rm le s s  to  t h e  human b o d y , c h ea p , p l e n t i f u l ,  
t a s t e l e s s  and  o d o u r le s s .
F o r  many y e a r s  in  many b ra n c h e s  o f  food  c h e m is try  
su c h  s u b s ta n c e s  have  been  s o u g h t .  R e c e n tly  W aite  
(1941b) u sed  a  s m a ll  s c a l e  s p r a y - d r i e r  t o  t e s t  th e  
e f f e c t  o f  a  num ber of p o s s ib l e  s u b s ta n c e s  on th e  
k e e p in g  q u a l i t y  o f  d r i e d  m i lk .  He found  hydj*oqulnone 
■ t o  be e f f e c t i v e  when added t o  th e  l i q u i d  m ilk  i n  an  
amount r e p r e s e n t in g  .0 . 12/6 o f  th e  d r i e d  pow der, 
i  H y d ro q u in an e , how ever, i s  t o x ic  and a t  t h i s  
(c o n c e n tr a t io n  im p a r te d  a  d i s a g r e e a b le  m e t a l l i c  t a s t e  
' t o  t h e  m ilk .  Oat f l o u r ,  Ttfhich I s  b e l i e v e d  to  c o n ta in  
n a t u r a l  a n t i o x i d a n t s ,  was found  by W aite  t o  a f f o r d  
(o n ly  a  v e ry  s l i g h t  in c r e a s e  in  k e e p in g  q u a l i t y  when 
(p re s e n t  t o  t h e  e x te n t  o f  0 .2 5 $  o f  t h e  l i q u i d  m ilk .  At 
(h ig h e r  c o n c e n tr a t io n s  i t  im p a r te d  a  d i s a g r e e a b le  , oa t*  
( t a s t e  to  th e  p r o d u c t .
In  a  c o o p e ra t iv e  i n v e s t i g a t i o n  betw een  w orkers 
!a t  t h e  Low T em p era tu re  R e se a rc h  S t a t i o n ,  C am bridge, and  
th e  Hannah I n s t i t u t e ,  a  num ber o f p o s s ib le  s u b s ta n c e s  
(were t e s t e d  b y  in c o r p o r a t in g  them  i n  l i q u i d  m ilk  and 
(d ry in g  th e  l i q u i d  m ilk  i n  a  l a b o r a to r y  s p r a y - d r i e r  su ch  
as t h a t  d e s c r ib e d  by  W aite  (1 9 4 0 ). Among th e  
s u b s ta n c e s  t e s t e d  in  b h is  way w ere a s c o r b ic  a c i d ,  
r e d u c t i c  a c id ,  and  d eh yd roxy  m a le ic  a c id ,  g a l l i c  a c id  
and some o f i t s  e s t e r s ,  c i t r i c  a c i d ,  p o ta s s iu m
! 5
m e ta b i s u lp h i t e ,  g e l a t i n  h y d r o ly s a te ,  sodium
j
b y p o p h o sp h ite , c y s t i n e ,  to c o p h e ro l  c o n c e n tr a te s  and j
s y n t h e t i c  chrom an (6 -h y d ro x y -2 .2 * 5 .7 .S -p e n ta m e th y l  j
chrom an) and h a e m a to x y lin . The c o n c lu s io n  re a c h e d  
fro m  th e s e  v a r io u s  i n v e s t i g a t i o n s  was t h a t  o f  a l l  t h e  
s u b s ta n c e s  t e s t e d ,  a s c o r b ic  a c id  and e th y l  g a l l a t e  
w ere th e  two m ost p ro m is in g  a n t i  o x id a n t s . N e i th e r  o f 
them  p ro d u ced  any f l a v o u r  in  th e  m ilk  in  e f f e c t i v e  
c o n c e n tr a t io n s  and  b o th  m ark ed ly  in c r e a s e d  th e  
r e s i s t a n c e  t o  th e  developm en t o f ta l lo w in e s s  o f pow ders 
p ro d u ced  on a  l a b o r a to r y - s c a l e  s p r a y - d r i e r .  (F in d la y  
e t  a l .  1 9 4 4 ).
G ray  and S to n e  (1939) h ad  p r e v io u s ly  c la im e d  
i th a t  th e  a d d i t i o n  o f  a s c o r b ic  a c id  o r  o f  g lu c o - a s c o rb ic  
la c id  t o  m ilk  b e fo r e  s p r a y - d iy in g  im proved t h e  k e e p in g  
q u a l i t y  o f  th e  pow der, b u t  t h e i r  p u b l is h e d  d a ta  
c o v e red  a  s to r a g e  p e r io d  of o n ly  7 w eeks. More 
r e c e n t l y ,  H o lle n d e r  and T rac y  (1942) have i n v e s t i g a t e d  
|th e  e f f i c i e n c y  o f a s c o r b ic  a c id  a s  an a n t io x id a n t  i n  
m ilk  pow ders p r e p a re d  by  th e  r o l l e r - d r y i n g  (vacuum) 
jp ro c e s s . They fo u n d  i t  to  be m o d e ra te ly  e f f e c t i v e .
|Le& (1944b) h a s  s tu d ie d  a  num ber o f  s u b s ta n c e s  a sI
p o s s ib l e  a n t io x id a n t s  f o r  e d ib le  f a t s .  W ith  d ry  
j b u t t e r f a t  he  fo und  t h a t  g a l l i c  a c id  was a  v e ry  p o w e rfu lj
ja n t io x id a n t  and  showed t h a t  th e  a c t i v i t y  o f e th y l  
g a l l a t e ,  m o le c u le  f o r  m o le c u le , was e q u iv a le n t  to  t h a t  
o f  t h e  a c i d ,  th e  a c t i v i t y  d e c r e a s in g  w i th  in c r e a s in g  
M o le cu la r  w e ig h t .  He a l s o  showed t h a t  e th y l  g a l l a t e
was o d o u r le s s  and t a s t e l e s s  i n  e f f e c t i v e  
c o n c e n t r a t io n s ,  and  t h a t  i t  was t h e r e f o r e  p r e f e r a b l e  
t o  th e  a c id  i t s e l f  and t o  i t s  h ig h e r  e s t e r s .  T h is  
s u b s ta n c e  h a s  been  shown ( H i ld i t c h ,  1944) to  b e  n o n ­
to x i c  to  th e  anim al body .
S in c e  th e  r e s u l t s  w i th  a s c o rb ic  a c id  and e th y l  
g a l l a t e  seemed so  p ro m is in g  in  pow ders p ro d u ced  on a
s
I
!l a b o r a to r y  s c a l e ,  i t  was d e c id e d  to  t e s t  them o u t on
!
|a  com m ercial s c a l e  on a  l a r g e  f a c t o r y  d r i e r .
!
|C o n d itio n s  in  a  com m ercial p l a n t  c an n o t be  e n t i r e l y
I
jd u p l ic a te d  in  th e  l a b o r a to r y .  The m ethod o f  p r e -  
|c o n d en s in g  th e  m ilk ,  th e  ty p e  o f  s p ra y  and th e  t im e -  
te m p e ra tu re  t r e a tm e n t  o f th e  d r o p le t s  o f  m ilk  i n  a  
| f u l l - s i z e  d ry in g  chamber d i f f e r  from  th o s e  o f  a  sm a ll 
j l a b o r a to r y  d r i e r .  M oreover i t  had  a l r e a d y  b een  found  
from  e :x p e rien ce  t h a t  pow ders made on a  l a b o r a to r y  
j d r i e r  te n d e d  to  have  an u n u s u a l ly  lo n g  s to r a g e  l i f e  
and t h a t  th e y  d id  n o t  d e v e lo p  th e  same o f f - f l a v o u r s  a s  
com m erc ia lly -m ade  po w d ers . These f a c t s  made i t  c l e a r l y
j e s s e n t i a l  to  c o n firm  th e  p r e l im in a r y  f in d in g s  on a
!
[ la rg e  s c a le  d r i e r .  -
Ii
| Expe r im e n ta l .
| The p l a n t  u se d  f o r  c a r r y in g  o u t th e  com m ercial 
t r i a l s  w i th  a s c o r b ic  a c id  and  e th y l  g a l l a t e  was th e  
G ra y -Je n se n  p l a n t  on w hich  th e  pow ders w ere made f o r  
|th e  e x p e rim e n ts  d e s c r ib e d  i n  P a r t  I I  ( c )  ab o v e . Owing 
[to th e  h ig h  c o s t  o f a s c o r b ic  a c id  and to  th e  f a c t  t h a t
e th y l  g a l l a t e  c an n o t m eantim e be l e g a l l y  added t o  m ilk  
pow der, o n ly  t h e  s m a l le s t  p r a c t i c a b l e  b a tc h e s  o f  powder 
w ere p r e p a r e d .  F o r  t h i s  p u rp o se  100 g a l lo n s  o f  m ilk  
w ere p r e h e a te d  a c c o rd in g  t o  th e  no rm al p ro c e d u re  a t  
| t h i s  f a c t o r y  ( s e e  T ab le  XIV) and t r a n s f e r r e d  to  a  
Ism ail t a n k  from  w hich th e y  c o u ld  be p a s se d  to  th e  
l a r g e  s p r a y - d r i e r .
A d d it io n  o f a n t i o x i d a n t s .
When d ry in g  b eg an , th e  f i r s t  25 g a l lo n s  o f  m ilk  
iwere d r i e d  w ith o u t  any  a d d i t i o n  ,of a n t i  o x id a n t s . T h is 
I gave th e  c o n t r o l  pow der. S u c c e s s iv e  a d d i t io n s  o fi
i
|e th y l  g a l l a t e ,  d i s s o lv e d  in  a l i t t l e  w a te r ,  w ere madej
i a f t e r  th e  f i r s t ,  second  and t h i r d  25 g a l .  p o r t io n s o f  
th e  m ilk  had  p a s s e d  in to  th e  d r i e r .  The c o n c e n tr a t io n s  
o f  e th y l  g a l l a t e  aim ed a t  w ere c o n t r o l ,  n o n e : sam ple 1 ,
0 .0 5 ;  sam ple  2 , 0 .1 0 ;  and sam ple 5 , 0 .2 0 $  o f  th e  
po w d er. The c o n c e n tr a t io n s  a c t u a l l y  o b ta in e d  in  
sam ples 1 to  3 w ere  0 .0 7 ,  0 .0 7 ,  and 0 .2 0 $  c o rre sp o n d in g  
t o  a b o u t 0 .0 0 9 , 0 .0 0 9  and 0 .0 2 6 $  o f th e  l i q u i d  m ilk .
The d iv e rg e n c e  fro m  th e  e x p e c te d  f i g u r e s  f o r  sam p les 
1 and 2 was a t t r i b u t a b l e  t o  th e  f a c t  t h a t  in  d ry in g  so 
sm a ll  a  q u a n t i ty  o f  m ilk  a s  25 g a l . ,  i t  i s  n o t  p o s s ib le  
to  know e x a c t ly  when any p a r t i c u l a r  p o r t io n  o f th e  
l i q u i d  m ilk  e n te r in g  th e  d r i e r  em erges a g a in  a s  pow der. 
Sample 1 was a p p a r e n t ly  c o l l e c t e d  a  l i t t l e  l a t e  and 
jsample 2 a  l i t t l e  e a r l y .
i
A f te r  c o m p le tio n  o f  th e  run  w ith  e th y l  g a l l a t e ,  
[which o c cu p ied  a b o u t 20 m in u te s ,  th e  d r i e r  was o p e ra te d
TABLE XXI,
The m o is tu re  an d  c o p p e r c o n te n t  and, th e  s o l u b l l l t i e s  
o f  th e  v a r io u s ' e th y l  g a l l a t e  and a s c o r b ic  a c id  powciers
Sam ple M o is tu re  Copper a s  p a r t s
No, % p e r  m i l l io n
E th y l  g a l l a t e
% S o l u b i l i t y
W ' W
C o n tro l 2 .1 1 .2 98 100
1 1 ,S 1 .5 98 100
2 1 .9 1 .3 98 100
3 1*8 1 .1
A sc o rb ic  a c id
98 100
C o n tro l 1 .8 0 .8 96 100
1 1 .8 0 .7 96 100
2 1 .9 0 .7 9% 100
3 1*8 0 .8 96 100
/
c o n t i n u a l l y  f o r  t h r e e  h o u r s ,  by w hich  tim e  i t  was 
assum ed t h a t  a l l  t r a c e s  o f  e th y l  g a l l a t e  would have  
been  rem oved . A f u r t h e r  100 g a l .  o f  m ilk  w ere th e n
i
|d r i e d ,  b u t  w ith  th e  a d d i t io n  o f a s c o r b ic  a c id  in
j
I q u a n t i t i e s  c a lc u la te d  to  g iv e  th e  fo l lo w in g  c o n ce m tra -
!
j t i o n s :  c o n t r o l ,  n o n e* ; sam ple  1 , 0 . 1 0 ; sam ple  2 ,
|0 .1 5 ;  and  sam ple  3 ,  0 ,3 0 $  o f  t h e  pow der. When 
je s t im a te d  15 days a f t e r  m a n u fa c tu re , th e  q u a n t i t i e s  o f  
|a s c o r b ic  a c id  fo u n d  w ere , c o n t r o l ,  0 .0 0 8 $ ; sam ple  1 ,
10 .1 1 $ ; sam ple  2 , 0 .1 4 $ ; sam ple  3 , 0 .3 1 $ ; c o rre sp o n d ­
i n g  to  a p p ro x im a te ly  0 .0 0 1 $ , 0 .0 1 4 $ , 0 .0 1 8 $  and 0 .0 4 0 $
|o f  th e  l i q u i d  m i lk .  No t r a c e  o f e th y l  g a l l a t e  was 
jp re s e n t  in  any o f  th e  sa m p le s .
I
!M o is tu re  and s o l u b i l i t y .
Ii
; The m o is tu re  c o n te n t  and  s o l u b i l i t y  o f th e  v a r io u sI
pow ders a r e  g iv e n  in  T ab le  XXI. The m o is tu re  c o n te n ts  
were s u f f i c i e n t l y  low to  e n su re  t h a t  th e  p r i n c i p a l  
jtype  o f  d e t e r i o r a t i o n  would be f a t - o x i d a t i o n .  The
j s o l u b i l i t i e s  w ere h ig h e r  than  u su a lfb r a  fu l l - c r e a if t
i
jpowder p re p a re d  on a  G ra y -Je n se n  p l a n t .
Copper c o n te n t .
The co p p er c o n te n t  o f  th e  v a r io u s  sa m p le s , 
e s t im a te d  by th e  m ethod g iv e n  i n  P a r t  I ,  i s  shown i n  
T ab le  XXI. None o f  th e  pow ders had  v e ry  h ig h  copper
* I t  was assum ed, how ever, t h a t  th e  c o n t r o l  pow der would 
| i n  f a c t  c o n ta in  s m a ll  q u a n t i t i e s  o f a s c o r b ic  a c id  
| d e r iv e d  fro m  th e  l i q u i d  m ilk .
TABLE X X II.
Time a t  47°C and 57°C r e q u i r e d  f o r  t h e  v a r io u s  e t h y l  
g a l l a t e  and! a s  c o rb lc  a c id "  powders"' t o  re a c h 1 o f f -  
s c o r e s  o f i.Q~anH, “2Y0Y
Sam ple C o n c e n tra t io n ^  o f  Week s to  r e a c h  o f f -  
Mo. a n t i  oxi'd'an't' i n  f  la v o u r  s c o re  o f~
th e  powder as % .
  1 . 0  2 . 0  1 . 0  2 . 0
ST4»F5 aT sFc
E th y l  g a l l a t e .
C o n tro l None 8 11 18 23
1 0 .0 7 23 28 .49 57
2 0 .0 7 27 29 52 66
3 0 .2 0 25 28 51 72
Mean o f 0 .0 7 25 28 50 61
1 and  2
• A sc o rb ic  a c id •
C o n tro l 0 .0 0 8 12 14 31 34
1 0 .1 1 0 15 19 48 57
2 0 .1 4 0 19 20 45 57
3 0 .3 0 6 20 24 45 54
1 To c o n v e r t t h e s e  v a lu e s to th e
a p p ro x im a te  e q u iv a le n ts on th e
l i q u i d  m ilk  b a s i s ,  d iv id e  by  
7 .7 .  The a s c o r b ic  a c id  v a lu e s  
w ere  e s t im a te d  15 days a f t e r  
m a n u fa c tu re .
c o n te n t s ,  b u t  i t  w i l l  be seen  t h a t  th e  e t h y l  g a l l a t e  
sam p les had  s l i g h t l y  more c o p p e r th a n  t h e  a s c o r b ic  
a c id  p ow ders- 
S to ra g e  te c h n iq u e .
The m ethod o f p a c k in g  and s t o r i n g  th e  pow ders 
was i d e n t i c a l  w i th  t h a t  d e s c r ib e d  f o r  th e  K e s tn e r  
sam ples i n  P a r t  I I  ( a ) ,  p . 28  •
A ssessm en t o f  f l a v o u r .
At i n t e r v a l s  d u r in g  s to r a g e  th e  f l a v o u r  o f  th e
r e c o n s t i t u t e d  pow ders was a s s e s s e d  by th e  m ethod
'a lr e a d y  d e s c r ib e d  i n ,P a r t  I ,  p . 10 • The r e s u l t s  a re
shown in  P i g s .  7 and 8 , w h ile  th e  t im e s  r e q u i r e d  f o r
o f f - f l a v o u r  s c o re s  o f 1 .0  and 2 .0  t o  be re a c h e d  a r e
re c o r d e d  in  T ab le  X X II.
E s t im a tio n  o f a s c o r b ic  a c id  
~ and e t h y l  g a l l a t e .
| S in c e  cow*s m ilk  i s  n o rm a lly  a  r e l a t i v e l y  p o o r
j so u rc e  o f  a s c o r b ic  a c id ,  t h e  a d d i t io n  o f  t h i s  v i ta m in  
t o  m ilk  b e fo r e  d ry in g  w ould b e  o f  g r e a t  p h y s io lo g ic a l  
;v a lu e ,  p ro v id e d  th e  a s c o r b ic  a c id  was n o t  m a t e r i a l l y  
I re d u c e d  d u r in g  s t o r a g e .  In fo rm a tio n  on t h i s  l a t t e r  
|p o in t  was o b ta in e d  by  e s t im a t in g  a s c o r b ic  a c id  a t  
: i n t e r v a l s  th ro u g h o u t th e  s to r a g e  p e r i o d .  As a l r e a d y  
| s t a t e d ,  e th y l  g a l l a t e  i s  i t s e l f  n o n - to x ic .  T here  
| a p p e a re d , h o w ev er, t o  be a  rem o te  chance t h a t  t h i s  
compound m igh t be  o x id is e d  d u r in g  s to r a g e  in to  
h a rm fu l s u b s ta n c e s  o f unknown c o n s t i t u t i o n .  F u r th e rm o re , 
j i t  was o f i n t e r e s t  t o  d e te rm in e  w h e th e r o r n o t  e th y l
F ig u re  7 .
The d e t e r i o r a t i o n  I n  f l a v o u r  o f  th e  e th y l  
g a l l a t e  sam ples d u r in g  s to r a g e  a t  47° and  
37°C . C o n tro l ,  no  e th y l  g a l l a t e ;  N o . l ,  
0 .07/6, N o.2 , 0.0756 and N o .3 , 0 .2 0 #  e t h y l  
g a l l a t e .
•  a  c o n t r o l  pow der, and o m pow ders c o n ta in ­
in g  e th y l  g a l l a t e .
F ig u re  8 .
The d e t e r i o r a t i o n  i n  f l a v o u r  o f  t h e  a s c o r b ic  
a c id  sam p les d u r in g  s to r a g e  a t  47° and  37°C .
:C o n tro l ,  0 .0 0 8 # ; N o .l ,  0 .1 1 0 # ; N o.2 , 0 .1 4 0 #  
and  No.3 ,  0 .3 0 6 #  a s c o r b ic  a c i d .
•  a c o n tro l powder, and o 3 a s c o r b ic  a c id
p o w d ers .
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3 « o d s  a n o A v u ^ j j o
g a l l a t e  owed i t s  a n t io x id a n t  p r o p e r t i e s  t o  p r e f e r e n t ia l*  
o x id a t io n  ( l i k e  a s c o r b ic  a c id )  o r  n o t .  The c o n te n t .o f  |
j
e th y l  g a l l a t e  in  t h e  v a r io u s  sam ples was t h e r e f o r e  j 
| e s t im a te d  a t  i n t e r v a l s  d u r in g  th e  e x p e r im e n t. The 
|m ethod a d o p te d  was t h a t  o f R a d e ff  (1937) f o r  a s c o r b ic  
ia c id  and a  m o d if ic a t io n  o f  t h a t  o f M i tc h e l l  (1923) f o r  
I e th y l  g a l l a t e .
I A sc o rb ic  a c i d .
A p p ro x im a te ly  0.01N  d ic h lo ro p h e n o lin d o p h e n o l 
s o l u t i o n  was p re p a re d  by m ix in g  0 .1 5  o r 0*20 g .  o f  
| th e  dye w ith  warm w a te r  and  d i l u t i n g  th e  m ix tu re
| t o  500 m l. The n e x t  day i t  was f i l t e r e d  and
j s t a n d a r d i s e d  a g a in s t  a  f r e s h l y  p re p a re d  a s c o r b ic
j a c id  s o l u t i o n  o f known s t r e n g t h .  1 -3  g .  o f  m ilk
pow der (a c c o rd in g  to  t h e  c o n te n t  o f a s c o r b ic  a c id )
| was th o ro u g h ly  m ixed w i th  25 m l. o f w a te r  i n  a
j 100 m l. f l a s k .  5 m l. o f  20$ s u l p h o s a l i c y l i c  a c id
I w ere added and  th e  m ix tu re  made up to  th e  100 m l.
| m ark . I t  was th e n  w e ll  shaken  and f i l t e r e d  and
20 ml* a l i q u o t s  o f th e  f i l t r a t e  t i t r a t e d  w i th  th e  
| dye s o l u t io n  c o n ta in e d  in  ,a 5 m l. b u r e t t e
| g r a d u a te d  to  0 .0 1  m l. The t i t r a t i o n  had  to  be
| co m p le ted  w i th in  1 -2  m in u te s .
i
j E th y l  g a l l a t e .
! A p p ro x im a te ly  2 g . o f  m ilk  pow der w ere
| a c c u r a t e l y  w eighed  in to  a  100 m l. f l a s k  and
I th o ro u g h ly  sh ak en  w ith  50 m l. w a te r  a t  55°C .
The m ix tu re  was a llo w e d  to  s ta n d  a t  room 
te m p e ra tu re  w i th  o c c a s io n a l  sh a k in g  f o r  h a l f  
I an h o u r .  10 m l. o f  10$  t r i c h l o r o a c e t i c  a c id
! w ere th e n  added and th e  volume made up to  th e
! 100 m l. m ark w ith  w a te r .  The f l a s k  was a g a in
v ig o u ro u s ly  sh ak en  and a llo w e d  to  s ta n d  f o r  a  
j f u r t h e r  h a l f - h o u r  w i th  f u r t h e r  o c c a s io n a l  s h a k in g .
! Die m ix tu re  was th e n  f i l t e r e d  th ro u g h  a  Whatman
j No.42  p a p e r  t o  g iv e  a  w a te r - c l e a r  f i l t r a t e .  A
j 75 m l. a l i q u o t  was removed to  a  100 m l. f l a s k
! and t r e a t e d  w ith  5 m l. o f 10$ NaHCOs and  5 m l. o f
f e r r o u s  r e a g e n t  c o n ta in in g  1 .0  g . f e r r o u s  
s u lp h a te  and 5 .0  g . sodium  p o ta s s iu m  t a r t r a t e  p e r  
l i t r e .  The volum es w ere th e n  made up to  100 m l.
1 h o u r l a t e r  th e  c o lo u rs  w ere r e a d  i n  a S pekker
a b s o rp t io m e te r  w h ich  h ad  p r e v io u s ly  been  
c a l i b r a t e d  u s in g  th e  c o lo u r  f i l t e r  No.5 .
The S pekker a b s o rp t io m e te r  was c a l i b r a t e d  
by p r e p a r in g  some m ilk  pow der f i l t r a t e  from  lO g .
TABLE X X III .
The c a l i b r a t i o n  o f  t h e  Spek k e r  ab so r p t io m e te r  f o r  t h e 
e s t im a t io n  o fe ttE y lT  g a l l a ' t e .'
E th y l  g a l l a t e  A b s o rp tio m e te r
m g .p e r  100 m l. , r e a d in g
0 .0 0 0 .0 1 2
0 .5 0 0 .0 6 4
0 .7 5 0 .0 9 2
1 .5 0 0 .1 6 8
2 .5 0 0 .2 4 4
3 .50 0 .2 9 8
TABLE XXIV.
T em p era tu re  c o e f f i c i e n t s  (10°C) f o r  t h e  e th y l  
g a l l a t e  ana as c o rb i  c a  c id  p o w d ers .
Sam ple A n tio x id a n t  T em p era tu re  c o e f f i c i e n t s  f o r
No • % 3 ^ ^ cW47^C c a l  c u la t  ed  from  d ie
o f f - f l a v o u r  s c o re  o f
E th y l  g a l l a t e 1 .0 2 .0
C o n tro l None 2 .3 2 .1
1 0 .0 7 2 .1 2 .0
2 0 .0 7 1 .9 2 .3
3 0 .2 0 2 .0 2 .6
Mean o f 
1 and 2 0 .0 7
A sc o rb ic  a c id
2 .0 2 .3
C o n tro l 0 .0 0 8 2 .6 2 .4
1 0 .1 1 0 3 .2 3 .0
2 0 .1 4 0 2*4 2 .8
3 0 .3 0 6 2 .3 2 .3
Mean 2 .6 2 .6
o f  t y p i c a l  G ra y -Je n se n  pow der by  th e  same m ethod 
a s  t h a t  em ployed f o r  t h e  2 g ,  l o t s  o f  pow der. !
To 75 m l. a l i q u o t s  o f  th e  f i l t r a t e  in  100 m l. 
f l a s k s ,  s u f f i c i e n t  e th y l  g a l l a t e  was added t o  
c o v e r  th e  r a n g e ,  and th e  NaHC03 and f e r r o u s  
r e a g e n t  a d d ed . T a b le  X X III g iv e s  t y p i c a l  
c a l i b r a t i o n  f i g u r e s .
The f e r r o u s  r e a g e n t  u sed  i n  th e s e  e s t im a t io n s
was th e  same a s  t h a t  d e s c r ib e d  by  M i tc h e l l  (1923)*
M itc h e l l  in  1924 s u g g e s te d  th e  u se  o f osm ic a c id  b u t
t h i s  r e a g e n t  was found  t o  o f f e r  no  a d v a n ta g e  i n  th e
p r e s e n t  s tu d y .
I n  u s in g  t h i s  m o d if ic a t io n  o f  M itc h e ll* s  m ethod
a p p l ie d  to  d r i e d  m ilk  t h r e e  p o in ts  a r e  to  be n o te d .
*
F i r s t l y , s u l p h o s a l i c y l i c  a c id  c an n o t be  u sed  a s  th e  
p r e c i p i t a t i n g  r e a g e n t  s in c e  i t  g iv e s  a  c o lo u r  w ith  th e  
f e r r o u s  r e a g e n t .  S e c o n d ly , th e  s t r e n g th  o f th e  r e a g e n ts  
m ust b e  e x a c t  s in c e  th e  c o lo u r  d e v e lo p s  o n ly  i f  th e  
s o l u t i o n  i s  a lk a l i n e  and deepens w i th  in c r e a s in g  
a l k a l i n i t y .  The same am ounts o f  t h e  same r e a g e n ts  
m ust t h e r e f o r e  be used  f o r  th e  a c t u a l  e s t im a t io n  
as f o r  th e  c a l i b r a t i o n .  T h ir d ly # th e  c o lo u r  m ust be  
;re a d  w i th in  1 h o u r  o f i t s  developm en t a s  i t  deepens 
w i th  t im e .
The a s c o r b ic  a c id  r e s u l t s  a re  shown in  F i g #9 and 
th e  e th y l  g a l l a t e  r e s u l t s  in  T ab le  XXVI.
P is  cu ss io n .
B th y l  g a l l a t e .
From F i g .7  and T ab le  XXII# I t  w i l l  be s e e n  t h a t
th e  p re s e n c e  o f  e th y l  g a l l a t e  cau sed  a  v e ry  m arked j
1
in c r e a s e  in  th e  s to r a g e  l i f e  o f th e  pow der. W hereas !
i :/ ' or*'?,It sr'. .toils.; i & :<> \.
. {>V;0 w :h --'J */; •
j  d  b to s i p . l 'M o  t o  o s ; j  : ;g  y .'. ...C
, . J -.) . ;.;v
4
F ig u re  9 ,
The changes i n  c o n c e n tr a t io n  o f  a s c o r b ic  
, a c id  i n  t h e  pow ders d u r in g  s t o r a g e  a t  
4 7 ° , 37° and  room te m p e r a tu r e . N ote t h a t  
t h e  o r d in a te  s c a le  i s  in c r e a s e d  10  tim e s  
f o r  th e  c o n t r o l  s a m p le s •
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E s tim a te d  s to r a g e  l i f e  o f  th e  pow ders c o n ta in in g  e th y l  
g a l l a t e  and  a s 'c o rb ic  a c i d /
Sample A n ti o x id a n t  E s t im a te d  s to r a g e  l i f e  In  y e a r s
Ifo. % a t  15 c a lc u la te d ^  from  t h e
tim e  a t  57pC r e q u i r e d  T o  re a o li  
^  o f f - f l a v o u r  s c o re  o f :




Mean o f 
1 and 2




E th y l  g a l l a t e  
None
0 .0 7  
0 .0 7  .
0.20
0 .0 7  
As c o rh ie  a c i d .
0 .0 0 8
0.110






















+ The te m p e ra tu re  c o e f f i c i e n t  f o r  22°C 
u se d  i s  1 .7  a t  o f f - f l a v o u r  s c o re  1 .0  
and 1 .6  a t  o f f - f l a v o u r  s c o re  2 .0  ( s e e  
t e x t  on p • $2 ) .
TABLE XXVI.
The e th y l  g a l l a t e  c o n te n t  of  th e  v a r io u s  sam ples d u r in g  
s to r a g e  a t  4 7 °C. 57 °C and room te m p e r a tu re .









C o n c e n tra tio n  o f e th y l  
g a l l a t e  a s  jfe 
C o n tro l I  2 .3
None 0 .0 7 0 .0 7 0 .2 0
None 0 .0 7 0 .0 7 0 .2 2
None 0 .0 7 0 .0 7 0 .2 1
None 0 .0 7 0 .0 7 0 .2 1
None 0 .0 6 0 .0 6 0 .1 8
None 0 .0 6 0 .0 6 0 .2 0
None 0 .0 6 0 .0 6 0 .2 0
- 0 .0 7 - 0 .2 0
th e  c o n t r o l  k e p t  f o r  some 8 -1 1  weeks a t  47°C and 18-23  ! 
w eeks a t  37°C , th e  pow ders c o n ta in in g  e th y l  g a l l a t e  
k e p t  f o r  two and a  h a l f  t o  t h r e e  t im e s  a s  lo n g ,  th e  
lo w e r c o n c e n t r a t io n  o f 0 .0 7 $  e th y l  g a l l a t e  b e in g  j
a lm o s t a s  e f f e c t i v e  a s  th e  h ig h e r  c o n c e n tr a t io n  o f  
0 .2 0 $ . T h is  was a cc o m p lish e d  w ith o u t any  f o r e ig n  
f la v o u r  b e in g  p e r c e p t i b l e  i n  th e  m ilk .
The te m p e ra tu re  c o e f f i c i e n t s  f o r  t h e  37-47°C  
ra n g e  a r e  shown in  T a b le  XXIV. They a r e  o f  th e  sam e 
o rd e r  a s  th o s e  a l r e a d y  fo und  f o r  th e  same ra n g e s  o f  
te m p e ra tu re  f o r  G ra y -Je n se n  pow ders a s  re c o rd e d  i n  
T a b le  XX. I f  I t  may be assum ed t h a t  th e  c o e f f i c i e n t s  
o f  1 .7  and  1 .6  r e c o rd e d  i n  T ab le  XX f o r  th e  room 
te m p e ra tu re  to  37°C ra n g e  a l s o  h o ld  i n  th e  p r e s e n t  
e x p e r im e n t, th e  p ro b a b le  s to r a g e  l i f e  o f th e  e th y l  
g a l l a t e  sam p les sh o u ld  be  betw een  5 and 6 y e a rs  a s  
com pared w i th  j u s t  u n d e r  two y e a rs  f o r  th e  c o n tr o l  
(T ab le  XXV). Room te m p e ra tu re  s to r a g e  h a s  n o t  y e t  
p ro g re s s e d  s u f f i c i e n t l y  f a r  f o r  t h i s  a ssu m p tio n  to  be 
c o n firm e d , b u t  a f t e r  92 weeks th e  e th y l  g a l l a t e  sam ples 
Are s t i l l  I n  e x c e l l e n t  c o n d i t io n ,  w h ile  t h e  c o n tr o l  i s  
b e g in n in g  to  be v e ry  s l i g h t l y  t a l lo w y .
I  The e th y l  g a l l a t e  c o n te n t  o f  t h e  v a r io u s  pow ders 
I s  shown in  T ab le  XXVI. W ith in  th e  l i m i t s  o f th e  m ethod 
io f e s t im a t i o n ,  no  change i n  c o n c e n tr a t io n  was d e t e c t e d .  
E th y l  g a l l a t e  t h e r e f o r e  a c t s  a s  an  a n t io x id a n t  w ith o u t  j
■ j
i t s e l f  becom ing decom posed even a f t e r  th e  pow der h as
become e x tre m e ly  ta l lo w y .  The s t a b i l i t y  o f  e th y l  
g a l l a t e  i s  i n t e r e s t i n g  s in c e  th e  m a jo r i ty  of 
a n t io x id a n t s  t h a t  have  been  u se d  i n  m ilk  pow der 
beh av e  as  su ch  b y  b e in g  p r e f e r e n t i a l l y  o x id i s e d .  I t  
w ould  a p p ea r t h a t  th e  e th y l  g a l l a t e  a c t s  a s  a  t r u e  
c a t a l y s t  i n  r e t a r d i n g  th e  o x id a t io n  o f  th e  f a t .  Much 
o f  i t s  e f f i c i e n c y  may be  due  t o  i t s  h ig h e r  s o l u b i l i t y  
i n  f a t  a s  com pared t o  w a te r ,  th u s  a llo w in g  in t im a te  
c o n ta c t  w ith  t h e  medium i t  i s  p r o t e c t i n g .  W hile  th e  
mode o f a c t io n  o f  e th y l  g a l l a t e  h a s  n o t  y e t  been  
e lu c id a t e d ,  i t  seems p ro b a b le  t h a t  i t s  a n t io x id a n t  
p r o p e r t i e s  h ave  a  p h y s ic a l  b a s i s .
A sc o rb ic  a c i d .
The r e s u l t s  i n  F ig .8  and  T ab le  XXII show t h a t  
a s c o r b ic  a c id  a l s o  e x h ib i t e d  a n t io x id a n t  p r o p e r t i e s .
At 47°C th e  e x te n t io n  o f s to r a g e  l i f e  o v e r t h a t  o f  th e  
c o n t r o l  in c r e a s e d  w ith  in c r e a s in g  c o n c e n tr a t io n s  of 
a s c o r b ic  a c id .  At 37°C, how ever, c o n c e n tr a t io n s  o f
0 .1 4 0  and 0 .3 0 6 $  w ere no  more e f f e c t i v e  th a n  0 .1 1 0 $ .
At b o th  37° and 47°C th e  maximum in c r e a s e  i n  s to r a g e  
l i f e  a s  a  r e s u l t  o f a d d in g  a s c o r b ic  a c id  was a b o u t 70$ 
• From th e  te m p e ra tu re  c o e f f i c i e n t s  f o r  th e  room 
te m p e ra tu re  to  37°C ra n g e  re c o rd e d  f o r  G ra y -Je n se n  
pow ders in  T ab le  XX, th e  v a r io u s  pow ders may be 
e x p e c te d  to  h av e  th e  s to r a g e  l i v e s  i n d ic a t e d  in  T ab le  
XXV, i . e .  4 i to  5 y e a r s  a s  com pared w ith  3 y e a rs  f o r  
th e  c o n t r o l .  A f te r  92 weeks a t  room te m p e ra tu re  a l l  
th e  pow ders in c lu d in g  th e  c o n t r o l  a r e  s t i l l  In
e x c e l l e n t  c o n d i t io n .
I t  w i l l  be o b se rv ed  t h a t  th e r e  was a  m arked j
i
d i f f e r e n c e  in  th e  s to r a g e  l i f e  o f th e  two c o n t r o l s ,  
th e  a s c o r b ic  a c id  c o n tr o l  k e e p in g  lo n g e r  th a n  th e  
e th y l  g a l l a t e  c o n t r o l .  T h is  was in  p a r t  due to  th e  
h ig ih e r co p p er c o n te n t  o f  th e  e th y l  g a l l a t e  c o n t r o l .
E th y l  g a l l a t e  has* th u s  been  even  more e f f e c t i v e  th a n  
m ig h t h ave  a p p e a re d  a t  f i r s t  s i g h t ,  s in c e  I t  p ro d u ce d  
a  g r e a t e r  e x te n s io n  i n  s to r a g e  l i f e  th a n  was c o n fe r r e d  
by  a s c o r b ic  a c i d ,  and t h i s  e x te n s io n  was m oreover 
p ro d u ced  in  pow ders w hich m ig h t have  b een  e x p e c te d , 
b e c a u se  o f  t h e i r  co p p er c o n te n t  and by com parison  w ith  
th e  c o n t r o l ,  t o  have  h ad  p o o re r  k e e p in g  q u a l i t i e s .
The e s t im a t io n  of a s c o r b ic  a c id  ( F i g .9) showed 
t h a t  th e  c o n te n t  o f  a s c o r b ic  a c id  d e c re a s e d  d u r in g  
s to r a g e ,  p a r t i c u l a r l y  a t  t h e  h ig h e r  te m p e r a tu r e s ,  -  
v e ry  r a p i d l y  a t  f i r s t ,  and th e n  more s lo w ly . 
P h y s io lo g ic a l ly ,  t h e r e f o r e ,  much o f th e  a d v an tag e  o f  
ad d in g  a s c o r b ic  a c id  to  m ilk  powder w ould be l o s t  
d u r in g  s t o r a g e .  T h is  o b s e r v a t io n ,  to g e th e r  w ith  th e  
f a c t  t h a t  a s c o r b ic  a c id  i s  r e l a t i v e l y  s c a r c e  and 
e x p e n s iv e  and t h a t  i t  i s  n o t  so e f f e c t i v e  an a n tio x id an * ; 
a s  e th y l  g a l l a t e ,  j u s t i f i e s  th e  c o n c lu s io n  t h a t  th e  
l a t t e r  w ould i n  p r a c t i c e  be a  more s u i t a b l e  s u b s ta n c e  
f o r  e x te n d in g  th e  s to r a g e  l i f e  o f  m ilk  pow ders. j
ii
Summary.
1 .  Of a  num ber o f  s u b s ta n c e s  t e s t e d  f o r  a n t io x id a n t
a c t i v i t y  i n  la b o ra to ry -m a d e  s p r a y - d r ie d  p o w d ers ,
i
a s c o r b ic  a c id  and e th y l  g a l l a t e  p ro v e d  m ost p ro m is in g ,  j 
B oth  th e s e  s u b s ta n c e s  m a t e r i a l l y  in c r e a s e d  th e  i
r e s i s t a n c e  o f t h e  pow der to  th e  developm en t o f  
t a l l o w in e s s  w ith o u t  p ro d u c in g  any f o r e ig n  f l a v o u r  i n  
th e  m ilk .
2 .  The a c t i v i t y  of b o th  s u b s ta n c e s  h a s  b een  t e s t e d  on 
fa c to ry -m a d e  p o w d ersu s in g  a G ra y -Je n se n  p l a n t .  E th y l  
g a l l a t e  was fo u n d  to  be  c o n s id e r a b ly  more p o w e rfu l 
th a n  a s c o r b ic  a c id .  At a c o n c e n tr a t io n  o f  0 .0 7 $  i t  
i n c r e a s e d  th e  s to r a g e  l i f e  o f  t h e  powder i n  a c c e l e r a te d  
t e s t s  tw o -a n d - a -h a l f  t o  t h r e e - f o l d ,  w h ile  th e  maximum 
in c r e a s e  b ro u g h t ab o u t by a s c o r b ic  a c id  was 7 0 $ .
3 .  E th y l  g a l l a t e  rem ained  unchanged  d u r in g  s to r a g e  
o f  th e  pow der b u t th e  c o n c e n tr a t io n  o f a s c o r b ic  a c id  
d e c r e a s e d .
j
4 .  E th y l g a l l a t e  i s  s u f f i c i e n t l y  p l e n t i f u l  and  cheap  t o  
make i t s  u s e  a s  an  a n t io x id a n t  i n  d r i e d  m ilk  f e a s i b l e .
I t  i s  n o n - to x ic  and w ould  be  t a s t e l e s s  in  th e  am ounts
, r e q u i r e d .
PART IV .
\  — —  ml  I ■  ■
THE STORAGE LIFE OF SPRAY-DRIED FHLL-CREAM MILK
POWDER IH DIFFERENT TYPES OF CONTAINERS.
|
I I n t r o d u c t  io n .
In  t h e i r  work on th e  s to r a g e  o f  vacuum r o l l e r -  
| d r i e d  m ilk  powder H o lle n d e r  and T racy  (1942) fo u n d  
| t h a t  pow der pack ed  i n  la c q u e re d  t i n p l a t e  showed a  
s i g n i f i c a n t l y  b e t t e r  k e e p in g  q u a l i t y  th a n  t h a t  s t o r e d
ii
j i n  o rd in a r y  t i n p l a t e .  S im i la r  r e s u l t s  w ere  o b ta in e d  
I by  Lea (1944*) 1£n s to r a g e  t e s t s  w ith  b u t  t e r  f a t ,  w h ile  
c e r t a i n  e v id e n c e  i n  th e  e a r l i e r  s to r a g e  e x p e rim e n ts  
c a r r i e d  o u t  j o i n t l y  a t  Cam bridge and th e  Hannah 
I n s t i t u t e  a p p e a re d  t o  c o n firm  th e  f in d in g s  o f  
I H o lle n d e r  and T ra c y , -  though  th e  r e s u l t s  w ere n o t  
c l e a r  c u t .  I t  was t h e r e f o r e  d e c id e d  t o  in c lu d e  i n  t h e  
Ip re s e n t  s tu d y  a  p r e l im in a r y  i n v e s t i g a t i o n  o f  th e  e f f e c t  
| o f  t h e  ty p e  o f  c o n ta in e r  on th e  s to r a g e  p r o p e r t i e s  
|o f  s p r a y - d r ie d  m ilk  pow der.
E x p e r im e n ta l .
S p r a y -d r ie d  m ilk  pow ders made on a  K rause p l a n t ,  
on two G ra y -Je n se n  p l a n t s ,  and on a  M ilk a l  p l a n t  
w ere u se d  i n  th e s e  p r e l im in a ry  t r i a l s .  The pow ders 
w ere s t o r e d  in  fd u r  ty p e s  o f  c o n ta in e r ,  i . e .  ( i )  a c i d -  
w ashed g l a s s  b o t t l e s ,  ( i i )  p l a i n  t i n p l a t e  c a n s , ( H i )  
p l a i n  t i n p l a t e  cans w hich  had  p r e v io u s ly  been  w ashed 
w i t h  a lG o h o l and e t h e r ,  and  ( iv )  la c q u e re d  t i n p l a t e  
c a n s .  .The s to r a g e  t e s t s  w ere  c a r r i e d  o u t on th e  same










TABLE M I .
The s to r a g e  l i f e  o f th e  pow ders made on th e  K rause  
p l a n t  a s  .lu feed  by  f l a v o u r .
S to re d  I n  a c i a  w ashed g la s s  " b o t t l e s .
T r i a l  P re h e a t in g  Weeks to  r e a c h  o f f * f la v o u r  s c o re  o f :
T foT " ‘te m p e ra tu re  1 .0  £ .6  1 .0  2 .0  1 .0  2 .0
 — “ W 8 --------- a T 5T C  S F V o o S
te m p e ra tu re
160 5*2 6*4 7 .6  10.0 1 7 .2  2 2 .8
170 3 .6  4 .8  6 .8  9 .2  2 0 .0  2 4 .0
180 7 .2  8 .8  1 6 .0  38.0 4 6 .0  5 0 .0
190 1 2 .4  35.6 2 8 .0  30.Q *  *
200 1 2 .0  33.6 2 6 .8 3 0 .0  *  *
R e la t iv e  s to r a g e  l i f e  e x p re s s e d  a s  a  
m u l t i p l e  o f  t h e  s to r a g e  l i f e  o f  th e  
s h o r t e s t - l i v e d  pow der '
160 1 .4  1 .3  1 .1  1 .1  1 .0  1 .1
170 1 .0  1 .0  1 .0  1 .0  1 .2  1 .0
180 2 .0  1 .8  2 .4  1 .9  2 .7  2 .2
190 3 .4  3 .3  4 .1  3 .3  *  *
200 3 .3  2 .8  3 .9  3 .3  *  *
*  S to ra g e  a t  room  te m p e ra tu re  h a s  n o t  
p r o g re s s e d  s u f f i c i e n t l y  f a r  f o r  th e s e  
v a lu e s  to  be  o b ta in e d .
TABLE XXVIII,
The k e e p in g  q u a l i t y  o f  K rause  pow ders s to r e d  i n  g l a s s  b 
com pared w i th  t h e  k e e p in g  q u a l i t y  i n  t i n p l a t e  c a n s »
o t t l e s
t f o . .... te m p e ra tu re s to r a g e  l i f e  i n  tlhe p l a i n  t i n p l a t e  i sU£i ta k e n  a s  1 .0 *
O f f - f l a v o u r O f f - f la v o u r O f f - f l a v o u r
s c a r e sc o re s c o re
1 .0  2 .0 T l.'O 2 .0 1 .0  2 .0
3 7 °c"“ Room temp*
1 160 0 .8  0 .7 1 .3 ' 1 .1 1 .1  1 .2
2 ____  170 0 .8  0 .7 1 .1  1 .1 1 .3  1 .2
3 . 180 0 .8  0 .7 1 .1  1 .1 1 .1  1 .1
4 190 1 .2  1 .3 1 .3  1 .3
5 200 1 .3  1 .2 1 .4  1 .4
*  The r e s u l t s  a t  room te m p e ra tu re  
a r e  n o t  y e t  a v a i l a b l e  f o r  th e s e  
p o w d e rs •
l i n e s  a s  th o s e  r e c o rd e d  i n  P a r t s  I I  and  I I I ,  
d e t e r i o r a t i o n  b e in g  judged  by  a s se ssm e n t o f o f f -  
f l a v o u r s  ( t a s t i n g  t e s t s )  and -  w here f e a s i b l e  -  b y
i
[gas a n a ly s e s  on th e  can c o n te n ts .  S in c e  th e  d e t a i l s
iI *
| o f  t h e  t r i a l s  v a r ie d  w ith  th e  d i f f e r e n t  p o w d ers , i t  
j w i l l  be  c o n v e n ie n t t o  d is c u s s  th e  r e s u l t s  f o r  each
j
ty p e  o f  pow der s e p a r a t e l y .
1* M ilk  powder made on a  K rause  p l a n t .
The sam ples u s e d  w ere i d e n t i c a l  w i th  th o s e
il
'e m p lo y e d .in  th e  s to r a g e  t e s t s  d e s c r ib e d  i n  P a r t  1 1 ( b ) .  
|T he r e s u l t s  t h e r e  d e t a i l e d  r e f e r r e d  o n ly  t o  pow ders 
s t o r e d  in  p l a i n  t i n p l a t e  c a n s .  A p a r a l l e l  s e r i e s  w as, 
h o w ev er, a l s o  s to r e d  in  a c id -w a sh e d  g l a s s  b o t t l e s .  I t  
| was n o t  f e a s i b l e  t o  o b ta in  gas sam ples from  th e  
b o t t l e s  f o r  d e te rm in in g  oxygen a b s o r p t io n ;  i t  was 
! t h e r e f o r e  n e c e s s a ry  t o  r e l y  on f la v o u r  t e s t s  t o
i
;m easu re  t h e  c o m p a ra tiv e  r a t e s  o f d e t e r i o r a t i o n .
The r e s u l t s  f o r  th e  pow ders s to r e d  In  p l a i n  
; t i n p l a t e  cans have  a l r e a d y  been  re c o rd e d  i n  T a b le  IX; 
th e  r e s u l t s  f o r  th o s e  s to r e d  i n  g la s s  b o t t l e s  (w hich
i
have been  i n t e r p o l a t e d  from  P i g . 10) a r e  c o n ta in e d  I n  
|T a b le  XXVII. By com paring  t h e s e  two s e t s  o f  r e s u l t s  
th e  r e l a t i v e  k e e p in g  q u a l i t i e s  o f  th e  pow ders in  th e  
two ty p e s  o f  c o n ta in e r  can be  c a lc u la t e d  (T ab le  X X V III).
T h is  t a b l e  shows t h a t  f o r  a l l  sam ples s to r e d  a t  
37°C and f o r  t h e  t h r e e  sam ples s to r e d  a t  room 
te m p e ra tu re  f o r  w h ich  r e s u l t s  a re  a v a i l a b l e ,  th e
F ig u re  10 ♦
The d e t e r i o r a t i o n  i n  f l a v o u r  o f  th e  K rau se  
sam ples s to r e d  In  a e ld  Washed g la s s  
b o t t l e s  a t  4 7 ° , 37°C and room  te m p e r a t i i r e .
i
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The moisture content and s o lu b i l i t y  of t h e  Gray* 
Jensen powders (K an t A) sfcofred in  d iffe r e n t
co n ta in ers.
Sam ple P re h e a t  In c Mois tu r e
No,
r
te m p e ra tu re %
6 190 3 .7 5
7 160 2 .9 6




s to r a g e  l i f e  i n  g la s s  was some 10 to  40$ lo n g e r  th a n  
t h a t  i n  p l a i n  t i n p l a t e .  At 47°C, h o w ev er, a  s i m i l a r  
d i f f e r e n c e  (2 0 -5 0 $ ) was o n ly  fo und  w ith  pow ders made
i
fro m  h ig h  te m p e ra tu re  p re h e a te d  m ilk :  w i th  pow ders
made from  low te m p e ra tu re  p r e h e a te d  m ilk ,  s to r a g e  i n  
p l a i n  t i n p l a t e  was b e t t e r  th a n  s to r a g e  i n  b o t t l e s .
A n o th e r p o i n t  em erges from  a  com parison  o f  th e  
r e s u l t s  in  P ig .1 0  w ith  th o s e  i n  P i g . 4 . W ith  p l a i n  
t i n p l a t e  ( P i g .4 ) t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  
a s  ju d g ed  b y  f l a v o u r  betw een  th e  s to r a g e  l i f e  a t  47°C 
and t h a t  a t  37°C f o r  th e  sam ples made from  m ilk  w hich 
ihad  been p r e h e a te d  to  160°P , b u t  w i th  g la s s  t h e  
d i f f e r e n c e  was q u i te  w e l l  m arked . In  b o th  ty p e s  of 
; c o n ta in e r  th e  d i f f e r e n c e  betw een s to r a g e  a t  47°C and 
37°C in c r e a s e d  a s  th e  p r e h e a t in g  te m p e ra tu re  o f  th e  
i l i q u i d  m ilk  in c r e a s e d .
D if f e r e n c e s  betw een  i n d iv i d u a l  sam ples o f  o n ly  
10 t o  20$ c a n n o t o f th e m se lv e s  be  re g a rd e d  as 
s i g n i f i c a n t :  when how ever, a s  i n  t h i s  e x p e r im e n t,
t h e r e  i s  an in c r e a s e  o f  from  10 to  40$ in  10 o u t o f 
t h e  t o t a l  o f  13 sam ples exam ined , i t  seems s a f e  to  
assum e t h a t  a c id -w ash ed  g la s s  g iv e s  a  s l i g h t l y  e x te n d e d  
s to r a g e  l i f e  a s  compared w ith  o r d in a r y  t i n p l a t e .
M ilk  pow der made on G ra y -Je n se n  p l a n t  A,
Two d i f f e r e n t  sam ples of pow der from  G ray -Jen sen  
P la n t  A w ere a v a i l a b l e .  The m o is tu re  c o n te n ts  and  I
iij
s o l u b i l i t i e s  o f  th e  two pow ders a r e  shown in  Table, XXIX*
I
Owing t o  c irc u m s ta n c e s  o u tw ith  t h e  c o n t r o l  o f th e
w r i t e r ,  t h e  m o is tu re  c o n te n ts  o f  t h e s e  powders were 
above 2 .5 $ .  At th e s e  l e v e l s  o f  m o is tu re  c o n te n t  
d e t e r i o r a t i o n  due to  p r o t e i n - l a c t o s e  changes w ould 
te n d  t o  mask th e  o f f - f l a v o u r s  p ro d u ced  by f a t  
o x id a t io n .  R e l ia b le  com parisons of th e  e x te n t  o f  f a t  
j o x id a t io n  c o u ld  n o t  t h e r e f o r e  be made by  f l a v o u r  t e s t s .
j
|Gas a n a ly s e s  h a d , t h e r e f o r e ,  t o  be  u se d  a s  th e  s o l e
i  !
| c r i t e r i o n  o f  th e  r a t e  o f  d e t e r i o r a t i o n .
I !
| 90 g .  o f  powder w ere packed  in  6 o z .  c a n s , •
j a i l  o f  w hich  w ere o f  i d e n t i c a l  s i z e  and made b y  a
|s i n g l e  m a n u fa c tu re r .  The ty p e s  o f c a n  u se d  w ere
| !
jp la in  t i n p l a t e ,  p l a i n  t i n p l a t e  washed w i th  a lc o h o lj ‘
|and e t h e r ,  and  t i n p l a t e  c o a te d  w ith  !m eat* la c q u e r
|( a  com m erc ial la c q u e r  th e  c o m p o s itio n  o f  w h ich  has n o t  
! '
jbeen p u b l is h e d  b u t w h ich  may be a p h e n o l-fo rm a ld e h y d e
I th e r m o - s e t t in g  r e s i n 4*). The r e s u l t s  f o r  th e s e  t h r e e
|ty p e s  o f  c o n ta in e r  a r e  r e c o rd e d  in  P i g .  11 and T ab le
XXX. The c u rv e s  in  P ig .  11 show t h a t  f o r  pow ders a t
47°C th e  r a t e  o f  d e t e r i o r a t i o n  a s  m easured  b y  oxygen
a b s o r p t io n  was g r e a t e s t  i n  p l a i n  t i n p l a t e ,  s l i g h t l y
l e s s  in  w ashed t i n p l a t e ,  an d  l e a s t  in  imeat* la c q u e re d
j t i n p l a t e .  At 37°C th e  la c q u e re d  cans a g a in  gave th e
lo n g e s t  s to r a g e  l i f e ,  b u t  t h e  d i f f e r e n c e  betw een th e
*  E x p erim en ts  w ere  a l s o  c a r r i e d  o u t w i th  b la c k p la te  ;
c a n s , b u t  gas a n a ly s e s  showed t h a t  l e a k s  w ere p r e s e n t  j
i n  m ost o f  th e s e  c a n s ,  -  due t o  th e  f a c t  t h a t  th e
seams o f  b la c k p la te  cans c a n n o t be s o ld e r e d .
■j.; •:ucv / ' J o c  c-v. ^ : ; 0 r  "
& eJcr K.e <^2 OCT. t crSOl''‘i.‘yic
. . f'01 . 5 pb l o  v-:
■ n ,••**. . •-. •>. -• t-r •-■ --  - - ■ ' ■
F ig u re  1 1 .
The r a t e  o f  a b s o r p t io n  o f  oxygen by th e  
G ray- Jen  sari pow ders A a t  4 7 0  and 37° G 
s to r e d  i n  ’meat* l a c q u e r ,  a sh e d
t in p la te - ( W )  and  p l a i n  unw ashed t i n p l a t e  
cans •
r / V ;  :>■“> ,v > v  ' '■ &&&% I ^ I I b  ;■; ■ :1

























H ate o f  a b s o r p t io n  o f oxygen by G ra y -Je n se n  pow ders 
(P la n t  A) s t o r e d  I n  d i f f e r e n t , . t y p e s  o f  c a n s /
P re h e a t in g  Days r e q u i r e d f o r  th e  am ount o f  oxygen




“ I T L P
37°C
s L
190 49 61 76 160 144 *
160 47 53 69 112 96 136
R e la t iv e  m e r i ts  o f c o n ta in e r s  e x p re s s e d  
as r a t i o s
I / P  I/W P/W I / P  I/W P/W
190 1 .4  1 ,2  0 .8  *  *  1 .1
160 1 .4  1 .3  0 .9  1 .3  1 .4  1 .2
*  E x p erim en t d is c o n t in u e d  b e fo re  t h i s  
sam ple  d e c re a s e d  to  10$ (200 d a y s ) .
NOTE: P , p l a i n  t i n p l a t e  can ; W, w ashed t i n p l a t e  
c a n ; and L , •m e a t1 la c q u e re d  c a n .
TABLE XXXI.
The s to r a g e  l i f e  o f  G ra y -Je n se n  pow der ( P la n t  B) i n  
~  la c q u e re d  an d  p l a i n  t i n p l a t e  c a n s .
Days to  r e a c h  o f f - f l a v o u r  Days to  a b so rb  0 .2  mg.
s c o re  o f  1 .0  oxygen p e r  g .  o f powder
P la in  cans L acquered  P l a in  cans L acquered
cans cans
46 51 47 50
R a tio  o f  R a tio  o f
l a c q u e r :p l a i n  l a c q u e r : p i a i n
1*1 1.1
p l a i n  and  w ashed t i n p l a t e  was s c a r c e ly  s i g n i f i c a n t ,  -  ;
th e  a d v a n ta g e , i f  an y , b e in g  in  f a v o u r  o f  th e  p l a i n
■ i
t i n p l a t e  r a t h e r  th a n  th e  w ashed t i n p l a t e .  The f i g u r e s
j
| i n  T ab le  XXX show t h a t  th e  la c q u e re d  t i n p l a t e  gave  an 
in c r e a s e  in  s to r a g e  l i f e  o f some 20-40$  a s  com pared
l
w i th  th e  o rd in a ry  p l a i n  t i n p l a t e .
3 . M ilk  p owder made on G ra y -Je n se n  P la n t  B.
I
A sam ple  o f m ilk  pow der from  G ra y -Je n se n  P la n t  B 
was a l s o  a v a i l a b l e .  T h is  sam ple had  been  made from  
m ilk  p re h e a te d  t o  170°P and had  a  m o is tu re  c o n te n t  
jo f 1 .9 $ .  The s o l u b i l i t y  was 92$ a t  20°C and  a lm o st 
| 100$ a t  50°C • I t  was s t o r e d  in  cans o f p l a i n  and 
j la c q u e re d  t i n p l a t e  a t  47°C . The r e s u l t s  f o r  th e  
| a b s o r p t io n  o f oxygen and th e  developm en t o f o f f -  
j f l a v o u r ,  w hich  a r e  re c o rd e d  i n  F i g .1 2 , show t h a t  th e  
I la c q u e re d  cans gave  a s l i g h t l y  lo n g e r  s to r a g e  l i f e  
ith a n  th e  p l a i n  t i n p l a t e  c a n s . I t  w i l l  be  s e e n  from  
| T ab le  XXXI, how ever, t h a t  th e  i n c r e a s e  was o n ly  o f 
i th e  o r d e r  o f 10$ b y  f l a v o u r  and 20$ b y  oxygen 
!a b s o r p t io n .  The d i f f e r e n c e  betw een  la c q u e re d  and 
|p l a in  t i n p l a t e  w i th  pow der made on G ra y -Je n se n  P la n t  B 
:was t h e r e f o r e  n o t  so  m arked as w ith  th e  powder made on 
|P la n t  A. E s t im a tio n s  made on th e  two s e t s  o f  sam ples 
showed t h a t  t h i s  m igh t be a t t r i b u t a b l e  t o  t h e i r  
d i f f e r e n t  copper c o n te n ts .  The sam ple  from  P la n t  B 
c o n ta in e d  2 .0  p .p .m . o f c o p p e r, a s  compared w i th  o n ly  
0 .6  p .p .m . f o r  th e  pow ders from  P la n t  A. I t  i s  n o t  
u n l ik e l y  t h a t  a  p o w e rfu l p ro - o x id a n t  su c h  as  co p p er
F ig u re  12 .
The d e t e r i o r a t i o n  o f  th e  G ra y -Je n se n  pow ders 
B a t . 47QC m easured  by  f l a v o u r  and th e  r 'a te  
a t  w hich  oxygen was a b so rb e d  i n  p l a i n  t i n p l a t e  
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The m o is tu re  c o n te n t  and s o l u b i l i t y  o f  th e  M llk a l
pow ders
Powder M o is tu re S o l u b i l i t y  
20OC 50° C
1749F 2 . 5 97 98
168 °F 2 .2 98 99
TABLE X X X III,
The s to r a g e  l i f e  o f M llk a l  sam p les s to r e d  I n  
la c q u e re d  and p l a i n  t i n p l a t e
.Days to  r e a c h  o f f - f l a v o u r  
s c o re  o f  1*0 a t
Days t o  a b s o rb  0*10 m^* 

































P  ■ P la in  t i n p l a t e .
L •  L acquered  t i n p l a t e *
w ould te n d  t o  m in im ise  th e  d i f f e r e n c e  in  s to r a g e  l i f e  
w h ich  w ould o th e rw is e  h av e  been  o b ta in e d  w i th  t h e  two ! 
ty p e s  o f  c o n ta in e r .
i M ilk  pow der made on a  M ilk a l P l a n t .1 __ _ T" - H" #
The pow ders u se d  in  t h i s  e x p e rim e n t w ere  
I m a n u fa c tu re d  by th e  M ilk a l s p r a y - d r y in g  p r o c e s s ,  w h ich  
ih a s  been  d e s c r ib e d  by  H u n z ik er (1 9 3 5 ) and S c o t t  (1 9 3 2 ) .
:Two sam ples w ere a v a i l a b l e .  They d i f f e r e d  m a in ly  
j i n  t h e  f a c t  t h a t  th e  p r e h e a t in g  te m p e ra tu re  o f th e  
! l i q u i d  m ilk  was 165°F f o r  one sam ple  and 174°F f o r  t h e  
j o t h e r .  T h e ir  m o is tu re  c o n te n ts  and  s o l u b i l i t i e s  a r ej
!shown in  T ab le  XXXII. The m o is tu re  c o n te n ts  w ere b o th  
j be low  2 .5 $  and  th e  s o l u b i l i t i e s  p r a c t i c a l l y  1 0 0 $ .
^The two pow ders w ere  s to r e d  in  p l a i n  and la c q u e re d  
I t i n p l a t e  a t  47°and  37°C , th e  r a t e * o f  d e t e r i o r a t i o n  
b e in g  m easured  by b o th  gas a n a ly s e s  and f l a v o u r  t e s t s .
The r e s u l t s ,  w hich  a re  shown i n  F ig .  13 and in  
jT ab le  X X X III, d e m o n s tra te  t h a t  f o r  b o th  pow ders th e
ii
juse  o f  la c q u e re d  t in p l a t e -  e x te n d ed  th e  s to r a g e  l i f e  
a t  b o th  47 and  37°C by some 20 t o  30$ when m easured  
b y  f l a v o u r  and by  30 t o  40$ when m easured  by oxygen 
a b s o r p t io n .
Summary t o  P a r t  IV •
i
| P r e l im in a r y  e x p e rim e n ts  have been  c a r r i e d  o u t t o ’
|
Id e te rm in e  t h e  r e l a t i v e  k e e p in g  q u a l i t i e s  o f  m ilk  pow ders 
s to r e d  i n  d i f f e r e n t  ty p e s  o f c o n ta in e r 4*. W ith  one
* In  o rd e r  t o  o b ta in  r e s u l t s  w i th in  th e  tim e  l i m i t  
a v a i l a b l e ,  t h e  e x p e rim e n ts  in  P a r t  I I I  had  to  be 
l im i t e d  to  a c c e l e r a t e d  s to r a g e  t e s t s  a t  47° and 
37°C , e x c e p t w i th  th e  K rause  sa m p le s .
F ig u re  15«
The d e t e r i o r a t i o n  o f . t h e  M ilk a l pow ders In  
la c q u e re d  ( • )  and p l a i n  t  j h p l a t e  (o ) c an s  
m easured  by  f la v o u r  and  oxygen a b s o r p t io n  
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I ’ ' 7 2ty p e  o f , pow der (K rau se ) th e  k e e p in g  q u a l i t y  i n  a c i d -  j * K
w ashed g l a s s  b o t t l e s  was 10 to  40% b e t t e r  th a n  in  
p l a i n  t i n p l a t e .  W ith o th e r  sam ples (from  two G ray -
|Je n se n  p l a n t s  and  one M ilk a l p l a n t ) ,  th e  k e e p in g
I
| q u a l i t y  i n  la c q u e re d  t i n p l a t e  was some 10 to  40# b e t t e r
i
th a n  in  p l a i n  t i n p l a t e .  I t  i s  p o in te d  o u t t h a t  th e  
m agn itude  o f  t h i s  d i f f e r e n c e  may b e  a f f e c t e d  by  th e  
co p p er c o n te n t  o f  th e  pow der.
4k 4k 4k 4k
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